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Modtaget 

STARCH PROCESS 2 4 OKT. 2003 

FIELD OF THE INVENTION 

The present Invention relates to a process for hydrolysis of granular starch Into a 
soluble starch hydrolysate at a temperature below the initial gelatinization temperature of said 
5 granular starch. 



BACKGROUND OF THE INVENTION 

A large number of processes have been described for converting starch to starch 
hydrolysates, such as maltose, glucose or specialty syrups, either for use as sweeteners or as 
precursors for other saccharides such as fructose. Glucose may also be fermented to ethanol 
10 or other fermentation products. 

Starch is a high molecular-weight polymer consisting of chains of giucose units. It 
usually consists of about 80% amylopectin and 20% amylose. Amylopectin is a branched 
polysaccharide in which linear chains of alpha-1.4 D-glucose residues are joined by alpha-1,6 
glucosidtc linkages. 

15 Amylose is a linear polysaccharide built up of D-glucopyranose units linked together 

by alpha-1,4 glucosMic linkages. In the case of converting starch into a soluble starch 
hydrolysate, the starch is depolymerized. The oonventtonal depolymerization process consists 
of a gelatinization step and two consecutive process steps, namely a liquefaction process and 
a saccharification process. 

20 Granular starch consists of microscopic granules, which are insoluble In water at 

room temperature. When an aqueous starch slurry is heated, the granules swell and 
eventually burst, dispersing the starch molecules into the solution. During this "gelatinization'' 
process there Is a dramatic increase in viscosity. As the solids level is 30-40% in a typical 
Industrial process, the starch has to be thinned or ''liquefied" so that it can be handled. This 

25 reduction in viscosity is today mostly obtained by enzymatic degradation. During the 
llquefactton step, the long-chained starch Is degraded Into smaller branched and linear units 
(maltodextrins) by an alpha-amylase. The Ikfuefaction process is typically canled out at about 
105-110*0 for about 5 to 10 minutes followed by about 1-2 hours at about 95'C. The 
temperature is then lowered to 60'C» a glucoamylase or a beta-amylase and optionally a 

30 debranching enzyme, such as an isoamylase or a pullulanase are added, and the 
saccharification process proceeds for about 24 to 72 hours. 

It will be apparent from the above discussion that the conventional starch conversion 
: process is very energy consuming due to the different requirements In terms of temperature 
during the various steps. It is thus desirable to be able to select the enzymes used In the 

35 process so that the overall process can be performed without having to gelatinize the starch. 
Such processes are the subject for the patents US4591560, US4727026 and US4009074 and 
EP0171218. 
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The present invenfa'on relates to a one-step process for converting granular starch 
Into soluble starch hydrolysate at a temperature below initial gelatinization temperature of the 
starch. 

SUMMARY OF THE INVENTION 

> In a first aspect the invention provides a process for producing a soluble starch 

hydrolysate, the process comprising subjecting a aqueous granular starch sluny at a 
temperature below the initial gelatinization temperature of said granular starch to the action of 
a first enzyme, which enzyme; Is a member of the Glycoside Hydrolase Family 13; has alpha- 
1.4-glucosldic hydrolysis activity, and; comprises a functional Carbohydrate-Binding Module 

) (CBM) belonging to CBM Family 20, which COM has an amino add sequence having at least 
60% homology to an amino add sequence selected from the group consisting of SEQ ID 
NO:1, SEQ ID NO:2, and SEQ ID NO:3; and which second enzyme is selected from the list 
comprising a fungal alpha-amylase (EC 3.2.1.1). a beta-amylase (E.G. 3.2.1.2). and a 
glucoamytase (E.C.3.2.1.3). 

» The process of the first aspect of the invention niay be performed as a one step 

process and/or as a process comprising one or more steps. 

In a seoond aspect the Invention provides a process for production of high fructose 
starch-based syrup (HFSS). the process comprising produdng a soluble starch hydrolysate by 
the process of the first asped of the invention, and further comprising a step for convereion of 

I the soluble starch hydrolysate into a liigh fmdose starch-based syrup (HFSS). 

In a third asped the invention provides a process for production of fuel or potable 
ethanol; comprising produdng a soluble starch hydrolysate by the process of the first asped of 
the invention, and further comprising a step for fennentatlon of the soluble starch hydrolysate 
Into ethanol, wherein the fermentation step Is carried out simultaneously or separately/ 

i sequential to the hydrolysis of the granular starch. 

In a fourth aspect the invention provides a use of an en^me having alpha-amylase 
activity in a process for hydrolysis of starch, said enzyme comprising a functional CBM having 
an amino add sequence having at least 60% homology to an amino acid sequence selected 
from the group consisting of SEQ ID N0:1, SEQ ID NO:2. and SEQ ID N0:3. 

I In a firth asped the Invention provides a use of an enzyme having alpha-amylase 

activity in a process for hydrolysis of granular starch, said enzyme comprising an amino add 
sequence having at least 75%, least 80%. at least 85%. at least 90%, least 95%, at least 98%, 

- such as at least 99% homology to an amino acid sequence selected from the group consisting 

• of SEQ ID NO:4, SEQ ID NO:5, SEQ ID NO:6, SEQ ID NO:7, SEQ ID NO:8, SEQ ID NO:9, 

< SEQ ID NOrlO, SEQ ID NO:11. SEQ ID N0:12. SEQ ID NO:13. SEQ ID NO:14, SEQ ID 
NO:15, SEQ ID NO:16. SEQ ID NO:17. and SEQ ID NO:18. 

In a sixth asped the invention provides a use of an enzyme having alpha-amylase 
adlvlty and a funcHonal CBM in a process for hydrolysis of granular starch, said enzyme 
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compns.ng an amino add sequence having at least 75%. least 80%. at least 85% at least 
90%. least 95%. at least 98%. such as at least 99% homology to an amino add sequence 
selected from the group consisting of SEQ ID N0:19. SEQ ID NO:20. SEQ ID NO-21 and SEQ 
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Definitions 

The temi -granular star*- Is understood as raw uncooked starch, i.e. stardi that has 
not been subjected to a gelatinization. Stardi is fom,ed In plants as tiny granules Insoluble In 
water. These granules are preserved In starches at temperatures below the Initial 
gelatinization temperature. When put in cold water, the grains may absorb a small amount of 
ttie liquid. Up to 50-C to 70-C the swelling is reveralble. the degree of reversibility being 
dependent upon the parUcular stardi. With higher temperatures an lireveralbie swelling called 
gelatinization begins. 

The term "initial gelatinization temperature" is understood as the lowest temperature 
at Which gelatinization of the starch commences. Starch heated In water begins to gelatinize 
between 50 C and 75'C: the exact temperature of gelatinization depends on the spedfic 
stardi and can readily be detemilned by the skilled artisan. Thus, the Initial gelatinization 
temperature may vary according to the plant species, to the particular variety of the plant 
spedes as well as with the growth conditions. In the context of this Invention the Initial 
gelat.nKatK»i temperature of a given staroh is the temperature at which birefringence is lost In 
5^ of the staroh granules using the method described by Gorinstein. S. and Lii C 
Starch/Stirke. Vol. 44 (12) pp. 461-466 (1992). 

The temi "soluble stardi hydrolysate" is understood as the soluble products of the 
processes of the invention and may comprise mono- dK and oligosaccharides, sudi as 
glucose, maltose, maltodextrins. cydodexirins and any mixture of these. Preferably at least 
90%. 91%. 92%. 93%. 94%. 95%. 96%. 97% or 98% of the dry solids of the granular staroh is 
converted into a soluble starch hydrolysate. 

The temn "Speciality Symps". is an in the art recognised term and is diaraderised 
according to DE and carbohydrate spectmm (See tiie article "New Speciality Glucose Syrups" 
p. 50+. In the textbook "Molecular Stmdure and Function of Food Carbohydrate". Edited by 
G.G. Birdi and LF. Green. Applied Science Publishers LTD.. London). Typically Spedality 
Syrups have a DE in the range from 35 to 45. 

n«,..n JTl^^*^^ »y<irctase Family 13" Is In the context of this invention defined as the 
group of hydrolases comprising a catalytic module having a (beta/alpha)8 or TIM barrel 
structure and ading on staroh and related substrates through an alpha-retaining reacting 
mechanism (Koshland. 1953. Biol.Rev.Camp.Philos.Soc 28. 416-436). 

3 
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already been mentioned above - are cellulases. xylanases. mannanases. 
arablnofuranosidases. acetylesterases and chitinases. CBMs have also been found in algae. 
e.g. In the red alga Porphyra purpurea In the form of a non-hydrolyUc polysaccharlde-blnding 
protein, 

m protelns/polypeptldes In which CBMs occur (e.g. enzymes, typically hydrolytic 
enzymes), a CBM may be located at the N or C terminus or at an internal position. 

That part of a polypeptide or protein (e.g. hydrolytic enzyme) which constitutes a CBM 
per se typically consists of more than about 30 and less than about 250 amino acid residues. 

Prefemed for the Invention are enzymes comprising a CBM comprising an amino acid 
sequence selected from the group consisting of amino add sequences SEQ ID NO:1. SEQ ID 
NO:2. and SEQ ID NO:3 as well as enzymes comprising a CBM comprising an amino acid 
sequence having at least 50% homology to an amino acid sequence selected Irom the group 
consisting of amino add sequences SEQ ID NO:1, SEQ ID NO:2. and SEQ ID NO:3 

The polypeptide "homology- referred to in this disclosure Is understood as the degree 
15 of identity between two sequences Indicating a derivation of the first sequence from the sec 
ond. The homology may suitably be determined by means of computer programs known in the 
art such as GAP provided in the GCG program pad<age (Program Manual for the Wisconsin 
Padoge. Version 8, August 1994. Genetics Computer Group. 575 Sdence Drive. Madison 
Wisconsin. USA 53711) (Needleman. S.B. and Wunsdi. CD.. (1970). Journal of Molecular 
20 Biology, 48. 443-453. The following settings for amino add sequence comparison are used: 
GAP creation penalty of 3.0 and GAP extension penalty of 0.1. 

The enzyme to be used as a first enzyme of the present invention is a four module 
alpha-amylase consisting of a three module amylase core and a separate carbohydrate 
binding module of family 20. The alpha-amylase may be a wild type alpha-amylase derived 
25 from bacterial or fungal sources, or it may be mutants, protein engineered variants, or other 
variants of such wild types, or It may be hybrids of variants or wild types. 

Preferably the alpha-amylase is a wHd type enzyme. More preferably the alpha-amylase 
is a variant and/or hybrid of the above alpha-amylases comprising amino acid modifications 
leading to increased activity, increased protein stability at low pH, and/or at high pH. Increased 
30 stability towards caldum depletion, and/or Increased stability at elevated temperature. 

The term "Enzyme hybrids" referred to In this disclosure is understood as modified 
enzymes comprising an amino acid sequence of an amylolyOc enzyme [whidi in the context of 
the present Invention may. e.g.. be an alpha-amylase (EC 3.2.1.1). an isoamylase (EC 
3.2.1.68) or a pullulanase (EC 3.2.1.41)] linked (I.e. covalently bound) to an amino add 
sequence comprising a CBM. The CBM is preferably but not exclusively fused to the N- 
temiinal. The hybrid may comprise more than one CBM. 

CBM-containing enzynrie hybrids, as weU as detailed descriptions of the preparation and 
purification thereof, are known in the art [see. e.g.. WO 90/00609. WO 94/24158 and WO 
95/16782. as well as Greenwood et al., Blotedinolonv an d Bioer«,inP.i.rinn (1994) pp. 1295- 
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13051. They may, e.g., be prepared by transforming liito a host cell a DNA construct 
comprising at least a fragment of DNA encoding the cellulose-binding module ligated. wHh or 
without a linker, to a DIMA sequence encoding the enzyme of Interest, and growing the 
transformed host cell to express the fused gene. 
5 The construction of a hybrid protein between a cartjohydrate binding module (CBM) and 

an alpha-amylase requires one or more of the following steps to obtain a stable, expressible 
and applicable enzyme. 

1) Aligning the CBM-donor molecule with the donor of the catalytic modules using 
conventional methods Is often required to Identify possible crossing points. If the homology is 

10 relatively high there might be several possible crossing point, if however the homology Is low 
or if only the sequence of the catalytic module and the CBIVI are available, respectively, the 
CBM can be attached as an elongation to the catalytic module either in the beginning of the 
sequence, l.e. In the N-temiinal inserted after an eventually signal sequence; or In the 
tenninal prior to the tenmination signal. Regardless if the CBM is located In the N- or in the C- 

1 5 tenninal it might be beneficial to either delete a few amino acids or insert a number of amino 
acid as a linker to obtain an expressible and application stable enzyme. 

2) Construction the DNA hybrid of the genes coding for the CBM and the amyldytic 
module according to the considerations made under 1) can be made by methods known to 
persons skilled in the art. These methods include among others. PCR reactions using primers 

20 designed to hybridize over the resulting DNA crossing point, DNA digesting followed by 
ligation or in-vivo combination for example by yeast 

3) A simple attachment of a CBM to an amylolytic module often results in a hybrid 
protein that Is expressed pooriy due to folding or stability problems or in a hybrid protein 
lacking sufficient stebilify and/or activity under a given application. To overcome such 

25 problems the hybrid protein may be subjected to protein engineering either by site directed 
mutagenesis methods or by more random approaches. This includes both the amino acids in 
the modules of the CBM and in the amylolytic modules as weH as optimizing the transition Irom 
amylolytic module to CBM, with respect to tengtii and amino acid sequence. 

Prefened as a first enzyme for the present Invention are hybrid enzymes comprising a 
30 CBM comprising an amino acid sequence selected from th& group consisting of amino acid 
sequences SEQ ID NO:1 . SEQ ID NO:2. and SEQ ID NO:3 as well as enzymes comprising an 
amino acid sequence having at least 50% at least 55%. at least 60%. at least 65%. at least 
70%. at least 75%. least 80%. at least 85%. at least 90%. least 95%. at least 98%, such as at 
, least 99% homology to an amino acid sequence selected from the group consisting of the 
35 amino add sequences SEQ ID NO:1 . SEQ ID NO:2. and SEQ ID N0:3. 

Also prefened as a first enzyme for the present invention are hybrW enzymes comprising 
an amino acid sequence having alpha-amylolytic activity and comprising an amino acid 
sequence setected from the group consisting of amino add sequences SEQ ID NO:4, SEQ ID 
NO:5, SEQ ID NO:6, SEQ ID NO:7. SEQ ID NO:8, SEQ ID N0:9. SEQ ID NO:10, SEQ ID 
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NO:11. SEQ ID NO:12, SEQ ID N0:13. SEQ ID N0:14. SEQ ID NO:15. SEQ ID NO-16 SEQ 
D N0:17. and SEQ ID N0:18 as well as enzymes comprising an aml^ .^ s^^^ 
having at least 70-/o. at least 75%, least 80o^. at least 85%. at least 90%. least 95%. at least 
98/0 such as at least 99% homology to an amino add sequence selected from the group 
consisting of amino acid sequences SEQ ID N0:4. SEQ ID NO:S. SEQ ID NO-6 SEQ ID 

'"^ ^^"^ '° ^0:11. SEQ ID NO:;2. SEQ ID 

NO:13. SEQ ID NO:14. SEQ ID N0:15. SEQ ID N0:16. SEQ ID NO:17. and SEQ ID NO-18 

Preferably the fir^ enzyme of the present Invention comprises a CBM and/or an alpha- 
amylolybc sequence derived f«,m a fungi, such as from a strain belonging to a 7a/a«,myce^ 
sp.. or fronr, a strain belonging to an Asporgfllus sp. such as Aawamorf. A kawachsl A.ni9er 
A oryzae etc. or from a bacteria, such as f«»n a strain belonging to Baciflus sp. such as from a 
s^.n belonging to a amy/ofi,uefecfe„ce. 8. Havothermus. B. lichenifonnls or B. 
stearothemophilus. 

More preferred as a first enzyme of the present Invention Is a four module alpha- 
amylase consisting of a three modute amylase core and a separate carbohydrate binding 
module of family 20. Most prefeired Is a four module alpha-amylase comprising an amino add 
sequence having at least 70%. at least 75%. least 80%. at least 85%. at least 90%. least 95% 
at least 98%. such as at least 99% homology to an amino acid sequence selected from the 
group consisting of SEQ ID NO;19. SEQ ID NO:20. SEQ ID NO:21 and SEQ ID NO-22 

Preferably the first enzyme of ttie present Invention is a four module alpha-amylase 
isolated from a fungus or a bacteria, such as from a species of Bacillus sp. sudi as the 
polypeptKles shown In SEQ ID NO:20. and SEQ ID NQ:21. or ftx,m a strain of Sac./us 
flavothennus such as the polypeptide shown In SEQ ID NO:19. or from a strain of AspergiHus 
KawachH such as the polypeptide shown in SEQ ID NO:22. 

Most preferred as a first of the present Invention is an alpha^mylase comprising an 

Zm^T''"" at least 

. : ?f ' '""^ ^^"''^ ^^"'^'^Sy to an amino add sequence 

TeqId NO aj*^ consisting of SEQ ID NO:19. SEQ ID NO:20. SEQ ID NO:21 and 

The above alpha-amylases may be added in an amount of 0.001-1.0 KNU/g DS 
preferably from 0.002-0.5 KNU/g DS. preferably 0.02-0.1 KNU/g DS. ' 
Funoal aloha-amvlaRa 

A particular enzyme to be used as a second enzyme In the processes of tiie Invention is 
a fungal alpha-amylase (EC 3.2.1.1). such as a fungamyNike alpha-amylase. In the present 
d.sclosure. the term "fungamyl-llke alpha-amylase" indicates an alpha-amylase which exhibits 
a high homology. I.e. more than 50o^ 65%. 60%. 65o/.. 70%. 75%. 80%. 85% or even 90% 
horriology to the amino acid sequence shown in SEQ ID No. 10 In W096/23874. Fungal 

0 rrrrnc "^"^ ^" ""^"^ ^^"=^^^9 P-^-^^^y from 0.002- 

0.5 AFAU/g DS, preferably 0.02-0.1 AFAU/g DS. 
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Beta-amvlasB 

Another particular enzyme to be used as a second enzyme in the processes of the 
invention may be a beta^mylase (E.C 3.2.1.2). Beta^yiase Is the name traditionally given to 
exo-acting maltogenic amylases, which catalyze the hydrolysis of 1.4^lpha-glucosldic linkages 
in amylose. amylopectin and related glucose polymers thereby releasing maltose. 

Beta-amylases have been isolated from various plants and microorganisms (W.M. 
Fogarty and CT. Kelly, Progress In Industrial Microbiology, vol. 15. pp. 112-115. 1979) These 
beta-amylases are characterized by having optimum temperatures in the range from 40-C to 
65-0 and optimum pH in the range from 4.5 to 7.0. Contemplated beta-amylase include the 
beta-amylase from barley Spezyme® BBA 1500. Spezyme® DBA and Optlmalt™ ME 
Optimalt™ BBA from Genencor InL as well as Novozym™ WBA from Novozymes A/S. 
Glucoamvfase 

A further particular enzyme to be used as a second enzyme In the processes of the 
invention may also be a glucoamylase (E.C.3.2.1.3) derived from a microorganism or a plant 
Preferred is gluooamylases of fungal or bacterial origin selected from the group consisting of 
AspergWus glucoamylases. in particular A nigerGi or G2 glucoamylase (Boel et al. (1984) 
EIWBO J. 3 (5), p. 1097-1102). or variants thereof, such as disclosed in WO92/00381 and 
WOOO/04136; the A. awamori glucoamylase (WO84/02921). A oryzae (Agric. Biol. Chem 
(1991). 55 (4). p. 941-949). or variants orfragments thereof. 

Other contemplated AspergfUus glucoamylase variants include variants to enhance 
the themial stability: G137A and G139A (Chen et al. (1996). Prof. Engng. 9. 499-505): D257E 
and D293E/Q (Chen et al. (1995). Prot. Engng. 8. 575^82); N182 (Chen et al. (1994) 
Biochem. J. 301. 275-281); disulphlde bonds. A246C (Fierobe et al. (1996). BiochemisUy, 36* 
8698-8704: and Introduction of Pro residues in position A435 and S436 (LI et al. (1997) 
25 Protein Engng. 10. 1199-1204. Other contemplated glucoamylases include Talammyces 
glucoamylases. in particular derived from Talaromycas emersonll (W099V28448) 
Talaromyces IsyceUanus (US patent no. Re.32.153). Talaromyces dupontl, Talaromycas 
thermophilus (US patent no. 4.587.215). Bacterial glucoamylases contemplated Include 
glucoamylases from the genus aostrtdlum, in particular C. thermoamylolyticum (EP135 138; 
30 and C. thermohydmsulfuricum (WO86/01831). Preferred glucoamylases include the 
glucoamylases derived from Aspergillus oryzae, such as a glucoamylase having 50% 55% 
60%. 65%. 70%, 75%. 80%. 85% or even 90% homology to the amino acid sequence showri 
, in SEQ ID NO:2 In WOOO/04136. Also contemplated are the commercial products AMG 200L- 
AMG 300 L: SAN^ SUPER and AMG™ E (from Novozymes); OPTIDEX™ 300 (from 
Genencor Int.): AMIGASE™ and AMIGASE™ PLUS (from DSM): G-ZYME™ G900 (from 
Enzyme Blo-Systems): G-ZYME^ G990 2R (A niger glucoamylase and low protease 
content). 
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Glucoamylases may be added in an amount of 0.02-2.0 AGU/g DS. preferably 01-10 
AGU/g DS. such as 0.2 AGU/g DS. 

Additional enzymag 

The processes of the invention may be earned out In the presence of a thW enzyme 
A particular third enzyme may be a Bacillus alpha-amylase (often refened to as Termamyl- 
like alpha-amylases-). Well-known Termamyl-like alpha-amylases Include aipha-amylase 
derived from a strain of S. lichenifbrmis (commercially available as Temiamyl). a amyloU- 
quefadens, and S. stearothermophffus alpha-amylase. Other Temiamyl-like alpha-amylases 
include alpha-amylase derived from a strain of the Bacillus sp. NCIB 12289. NCIB 12512 
NCIB 12513 or DSM 9375. all of which are described in detail in W095/26397. and the alpha^ 
amylase described by Tsukamoto et al.. Biochemical and Biophysical Research 
Communications. 151 (1988). pp. 25-31. In the context of the present invention a Temiamyl- 
hke alpha-amylase is an alpha-amylase as defined in W099/19467 on page 3. line 18 to page 
6. line 27. Contemplated variants and hybrids are described in W096/23874 W097/41213 
and W099/19467. Specifically contemplated is a recombinant B.stearothermophilus alpha^ 
amylase variant with the mutations: 1181* + G182* + N193F. BadUus alpha-amylases may be 
added in effective amounts well known to the peraon skilled In the art. 

Another particular third enzyme of the process may be a debranching enzyme, such as 
an isoamylase (E.G. 3.2.1.88) or a pullulanases (E.C. 3.2.1.41). Isoamylase hydrolyses alpha- 
l.6.D-glucosidic branch linkages in amykspecUn and beta-limit dextrins and can be 
distinguished from pullulanases by the inability of isoamylase to attack puilulan. and by the 
limited action on alpha-limit dextrins. Debranching enzyme may be added in effective amounts 
well known to the person sklUed in the art. 

Embodiments of the invanHnn 

The starch sluny to be subjected to the processes of the invention may have 20-55% 
dry solids granular starch, preferably 25-40% dry solids granular starch, mor© preferably 30- 
35% dry solids granular starch. 

After being subjected to the process of the first aspect of the invention at least 85% 
at least 86%. at least 87%. at least 88%. at least 89%, at least 90%, at least 91%. at ieasi 
92%. at least 93%. at least 94%. at least 95%. at least 96%. at least 97%. at least 98% or 
preferably at least 99% of the dry solids of the granular starch is converted into a soluble 
starch hydroiysate. 

According to the Invention the processes of the first and second aspect is conducted 
at a temperature bek>w the initial gelatinization temperature. Preferably the temperature at 
which the processes are conducted is at least 30'C. at least 3rc. at least 32-C, at least 
33«C, at least 34*C. at least 35»C. at least 36«C. at least 37X. at least 38'>C. at least 39»C at 
least 40-C. at least 4rC. at least 42-C. at least 43-C. at least 44-C. at least 45-C. at least 
46 C. at least 47«C. at least 48'C. at least 49-C. at least SO'C. at least src. at least 52-C. at 
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least 53-C, at least 54-C, at least 5S'C. at least 58-C. at least S7-C, at least S8-C 

59-C, or preferably at least 60'C. " v,, at least 68 C. at least 

h H,.™* fir* "* "P** <* *e Invention b conducted may m 

be in the range of 3.0 to 7.0. preferably f™, 3.5 to 6.C. or more preferebly (Ton, 4.0^.0 

The exact composition of the products of the process of the firet aspect' of the 
l««»nbon the soluble stan*, hydrolysate, depends on the combination o, enjn^ 11^^ 
as the type of gremite, starch precessed. Prefe^b^ the soluble hyd,oZ^ 
a pur,ty of at least 85%. at least 90%. at least 95.0%. at least 95.5% ai least 98^^ 

least 99.5%. Even more preferably the soluble stareh hydrolysate Is glucose and most 

least 97.5%. at least 98.0%. at least 98.5. at least 99.0% or at least 99 5% EauallJ 
con-smptated however. Is the process wh«,ln .he product of the process of uTl'^tl^^ll' 
solubte s^ hydrolysate. is a spedal«y syrop. such as a spedaHty symp co^ l,^ 
mixture of glucose, maltose. DP3 and DPn Iter use In tha »«.n,*I._ . • a 
candies, canned froit wr use In the manufacture of ice creams, calces. 

»!^H 1 '^S"-^' or Whole grain l«ore 

^cany the granular staroh may be obtained from corns, cobs, wheat, bartey, r^ ^ 

ZmZT' K^f"' 0^^-»^ or potatoes TpeT^; 

contemplated are both waxy and non^^xy types o, com and barley. The granular star<^ toZ 
P-ssse^ may be a highly re«ned stai* ..uaiity, preferably a. iLt 9ol. a. atT5% at 

least 97% or at least 99.5 % pure or H may be a more crude starch containing materia 
oompns^ milled whote grain including ^ ^ ^ residrand™^ 

TfrerTro rT o^ "o open up the structure and ZZ 

for further processing. Two mHiing processes are prefened acoo«.lng to the Invention, wet a^ 

sl^'""' ; " ""^ '^-'-^^1' -"led and used. Wet mining giv^ 
separation of germ and meal (starch granules and protein) and is with a 1^ l^J^ 

InTZl^r r ""^^ '"™""<" "«V be conducted 

^u«rafiltratlon system where the retentate is held under recirculation in present of 

en^. stard, and water and Where me pamoate is the soluble starch hydrorate 
^contemplated is the process conducted in a c»n«nuous membrane Tct^ 
eZ^ membrane, and where »te retentete is held under recirculation in pres^ce^ 
e^ raw starch and water and where the pem«ate is the soluble steroh hydrolvTatT 
Also contempteted b the process «»,duced in a con«nuous membrane TcT^ti 
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miciiofiltratlon membranes and where the retentete ic ^ 

preferably achieved uslno » «d.»v»- (MFCS). This conversion Is 

glucose .somerasTsur^tT ™^ '"'^ ^ '-"'""fee- 

) IGlfromGenencorW. °^ *^ <^^'" liquid and OenSweet™ 

Invention n«y be conduid In ""^ °' <" 

•he pem,eate is an eZoT3^' r«T^' "^'^ aod ^ter a«i where 

e conunuous J^^JT^^, ^"'"'""^'^ted Is *e process conducted In 

under ^clrcula^rrp^nt^oT^ " 

"Here.Hepern^a.e^rZ^'cZ:^^^-'^'"^"'*^"''^"-"-''^- 

MATERIALS AND METHODS 

AtDha-amylase arlMty 

.etnod.t^rr ::::rof^Lirzr^^ :^r- ™^ 

aandart. ^ '^^''''•'■*<™»'' "^l* <=«>,pa«) to a coloured stess 

star* d,y substance M«.k Asylum ^blte ° ■ -^Wnlzes 5^ g 

^.uestt^lJ^I^es'l^'tZS: Z "IT^ ""^ "^'^ "P" 

•™9™6S A«. Denmark. whBh Iblderls Iwrebi- included by reference. 
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Glucoamvlase acth/Hv (A ,ftl I) 

H^T. <*°") b *lin«i as the amount of enzyme, whict, 

nydrolyzes 1 micioroole maltose per minute at src and pH 4.3. 

,»»»K, ^ " O^"™*"'* « AGUAnI b, a methd "modBed after (AEL^M.0131, 

r H °",rr' '*««^) "*9 the Glucose GOO^rid kit f«,m Boel»inge 
Mannhe^,. 124036. standard: AMG^ndanl. l«,ch 7-1195. 195 AGU/ml. 375 mlc^ 
substrate (1% maltose In 50 mM Sod^m acetate. pH 4.3, is Incubated 5 m»,utes ^37-7^ 

Tl!^ """'fl'" " ™« '^'^ " 1" ""nutes 

padding 100 miooL 0.25 M NaOH. 20 mlcn^ is fansfsrred to a 96 we. mlc«,tte plat, and 

m m^oroL GOD-Pend sok,tlo„ (124036, Boehringer Mannheim) Is added. After 30 lute. a. 

(AEU-SM.0131) desoiWng this analytical method In 

:::^^:::t " ^^^^ ~ 

15 Funoal aiPha-amylaftA activity fPAi i) 

Units) Onem^'TT""^ '"""^ "^'^ "^'"^"^^ <*^""9al Alpha-Amylase 

11? u?,. ? °' ""^"^^ conditions (I.e. at 3rc 

T^r^t^^"^^.^. f" ^^^^> A folder AF 
20 A/S. Denmark, which folder Is hereby Included by reference. 

Add aipha-amyla se activi^ f^FAl I) 

Unfe^ ^'^'^ ''^ '^^^"''ed In AFAU (Add Fungal Alpha-amylase 

Units), which are detemnlned relative to an enzyme standard. 

Asoemm.rn.'^'of ^ ^^^^^ S'^^^rnvlase wlldtype 

wSaT^f • EMBO J. 3 (5). p. 1097-1102 and In 

WO92/00381). The neutral alpha-amylase In this AMG falls after storage at room temperature 
for 3 weeks from approx. 1 FAU/mL to bekm 0.05 FAU/mL 

rr «^«y «n this AMG standard is detemiined In accordance 

w.th the following description. In this method 1 AFAU Is defined as the amount of enzyme, 
which degrades 5.26 mg starch dry solids per hour under standar^l conditions 

Iodine forms a blue complex with starch but not with its degradation products. The 
intensity of colour is therefore directly proportional to the concentration of starch. Amylase 
activity .s determined using reverse colorimetry as a reduction In the concentration of starch 
under speafied analytic conditions. 



25 
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Alpha-amyiase 



10 



Starch + Iodine 



Blue/violet 



~* Dextrins + Oligosaccharides 

40X, pH 2.5 
t=23 sec. Decoloration 



standard conriittons/rparKnn ^ ndltinns- ^ p^r 
Substrate: 
Buffer: 
Iodine (12): 
CaCI2: 
pH: 



Incubation temperature: 
Reaction time: 
Wavelength: 
Enzyme concentratim: 
Enzjfm& working range: 



starch, approx. 0.17 g/L 
Citate, approx. 0.03 M 
0.03 g/L 
1.85 mM 
2.50 - 0.05 
40°C 

23 seconds 
lambda=590nm 
0.025 AFAU/mL 
0.01-0.04 AFAU/mL 



If further details ara preferred these can be found in EB.SM-0259.02/01 available on 
15 raquest from Novozymes A/S. and incorporated by raference. 
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Beta-am vtase actii/ity fnpo) 

The activity of SPEZYME® BBA 1500 is expressed In Degrae of Diastatio Power (DP^) 
It IS the amount of enzyme contained in 0.1 ml of a 5% soJutmn nf fn. . 
arenfi».M/N» «u-« ••. solution of the Sample enzme 

P»P<)«tK>n that w,ll produce sufficient reducing sugars to reduce 5 ml of FehUng's sZon 
»henthe«mplel,lnc.Aatedwith 100,rtofsul«tretelbr1 t»urat20-C. 

PuManasB acliv/ih< m,.,.f p..| |. iiana.« I imi ^ py" 

iln-., ^!f"^ ^ ^ determined relative to a puHulan sul.strate. PuHutan Is a 

Lr T"^ ^^""^'^ "'^^ Mned by 1 6^lph«^|nks 

en*H»Hlulana8es hydrolyze tt« l.e^lpha-llnks at random, releasing maltotrfose 6> aW,, 

measure^^Z r""^"" " " »' «x">P*lana5e activity and is 

minutes reaann fme at40H: and pH 4.5; a,Ki with 0.7% puHulan as substrate. The amount of 
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rB6 substrate degradation product is measured spedrophotometrically at 510 nm and 
proport^na. to the endo-pu.iulanase activity In the sampte. A folder (E^m ^ O^ 
descnb^g th.s analytica, method in more detail is available upon request to Nov^e^^s 
Denmark, which folder is hereby included by reference "^lovozymes A/S. 

enzvme l^lt'h T T'^'"" '''''''' appn^ximately equal to the amount of 

enzyme Which liberates reducing carbohydrate with a reducing power equivalent to 2^ 
micromole glucose per minute. equivalent to 2.86 

D etermination of suoar p mfii^ and sninhiife^H Mry 

aiur^ Composition Of the starch hydroiysates was detemilned by HPLC and 

starch hydrolysate were determined by reflective index measurement. 

Materials 

The following enzyme activities were used. A four module alpha^ylase havinq the 

the am.no acd sequence shown in WOOO/04136 as SEQ ID No: 2 or one of the disclosed 
variants. An acid fungal alpha-amylase derived from Aspergillus niger 
Wheat starch (8-5127) was obtained from Slgma-Aldrlch. 



20 Example 1 



ba«=H,ir "TI* I"^*" ^^"^^ W" S'ucose using a 

wrth 33 ^ dry soMs <DS) granular starch was prepared by adding 247.3 g of wheat starch 
"^r stlmng ,„ sozs n,l of water. The pH was a„usted w«h HQ to 4.5. Z gTZ ^ 

ma^bated w,ih magnetic stimng In a 60-C water l«th. At an. hours the an^ actMtos 
g«en ,„ .abte 1 were dead to the flasks. Santplas wa™ withdraw, atter 24^72^^^ 



30 



Table 1 . The enzvme actMtv levels us^ri 


KNU/kfl OS AGU/kg DS 


Acid fungal 
alpha-amylase 
AFAU/kq DS 


lOOiO 200 


50 
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Total dry solids starch was determined using the following method. The starch was 
completely hydrolyzed by adding an excess amount of alpha-amylase (300 KNU/Kg dry solids) 

^llTL^n Subsequently the samples were 

cooled to 60 C and an excess amount of glucoamylase (600 AGU/kg DS) was added followed 
by incubation for 2 hours at 60X. "«"wbu 
Soluble dry solids in the starch hydrolysate were determined by refractive Index 
measurement on samples after filtering through a 0.22 microM filter. The sugar profile were 
d^ermined by HPLC. The amount of glucose was calculated as DX. The results are shown In 
laDie 2 and 3. 



Im%le2SLagl.^'^"°"'"^* "^'"^"^^ of total diy substance at 100 KNU/kg DS alpha- 




20 



Table 3. The DX of the soluble hydrolysate a t 100 KNU/kg DS alpha-amytese dosage 
MW/KgPS 24 hours 48 hours 72hour^ 



TSJTS 96 hours 

88.4 ^4 95T- 



Exampfe2 

This example Illustrates the only partial conveislon of granular starch into glucose 
15 using a glucoamylase and an acid fungal alpha-amylase. 

Flasks with 330/0 DS granular starch were prepared and incubated as described in 
example 1. At zero hours the enzyme acUvities given In table 4 were dosed to the flasks 
samples were withdrawn after 24. 48. 72. and 96 hou,^. The samples were analyzed as 
described in examples 1 . The results are shown In table 5 and 6. 



Table 4, The enzyme activity level used. 

Qji^Jj^^S Acid fungal 

AOU/koDS alpha^mylase 

AFAU/kg OS 

200 -56 
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Table 5. Soluble dry solids as percentage of total dry substance. 

24 hours 48hm;;^ 72 hours 96 hours 



28.5 30 Zrjd 



45.7 



T^le 6. DX of the soluble hydr olysate. 

24 hours 48 hours 72 hours 96hour^" 

27J 34^ — 
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CLAIMS 
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20 
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enzyme: "«»>of a first eiByme and a second enzyme, which Aret 

(a) Is a member of the Glycoside Hydrolase FamBylS; 

(b) has alpha-1.4^iucosldlc hydrolysis activity, and; 

fI^O^I:;;"^™' '^■^'^^'^^ (CB^, ^elonamg to CBM 
NO:2. and SEQ ^ ^'""P <" ^EQ ID Nai. SEQ ID 

y««B ^c.u. j.2.1.2), and a gluooamylase (E,C.3.2.1.3) 

70%.atlea«75%, least 80% atleas^C^l to^^" * « '^^I 

at least 99% homology to anair„ /' * as 

SEQ ID NO:1. SE^^l^rr^t '""^ ^ 

a. leas, ts^ jT^^^'T^ T ^ ""^ * 

SEQ 10 N0:8, SEQ ID NO-9 SEQ ID NO in ti^ ' ^ '° '° 
NO:13. SEQ ID NO-14 SEQ ID „ = '° '° >-°-'^ SEQ ID 

NO:18 . ^ ° '° "^^'S. SEQ ID N0:17. and SEQ ID 

95%. a, least 98% TI a a. LTi; ^ " " ^ 

NO:22. • ™ SEQ ID N0:21 and SEQ ID 

-.d^s^ids. nnr^sTd^sirx-r:!^'^- - - 
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at least 9S.S%. ' '^■'«»' 88.0%. 98.5. 99.0% or 

held under «dr«.,aLTll„ T^'™' """^^ ^ ^tentate Is 

' Held under «d™*«InTlZL r^^^ 

P^-ate me soluble sl^'^:^^'"^- ^'^ ^ ^ ^ "he« ^ 
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18. A process for production of high fructose starch-based syrup (HFSS> wh«r«- 
starch hydrolysate of the process of anv of fho m- , ^ 
into high fructose starch-t^seTs ° ' h I? ""''"^ ^"^^^ ^ «>"--'or> 

oased syrup (HFSS). such as high fructose com syrup (HFCS) 

a. teas. 85%. 2 ^ «»^. 

amino atid sequence se^;.! Z t ""^ « at lea,. 99% homology to an 

» NO:11. SEC. 10 NO 12 SEQ^D NO « «^ ^ ^'^ 

30- -%^om.ogy.oa:arr:c X^^;^-'^ 

NO:19, SEQ ID NO:20. and SEQ ID ^ °' ^° 
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ABSTRACT 

The present InvenUon relates to a process for enzymatic hydrolysis of granufar starch 
into a soluble starch hydrolysate at a temperature below the initial gelatinization temperature 
of said granular star(^. 

5 
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10473 . 010-OK. ST25 
SEQUENCE LISTING 

<110> Novozymes A/S 

<U0> cold Liquefaction with four-domain alpha-amylase 
<130> 10473. 010-DK 
<160> 22 

<170> Patentln version 3.2 

<210> 1 
<211> 102 
<212> PRT 

<213> Bacillus flavotherraus 
<400> 1 

lie ser Thr Thr ser Gin He Tlir Ph. Thr v,l as,. as„ aU Thr Thr 



val Trp Gly Gin Asn val Tyr val val sly Asn He Ser Gin Leu Gly 

30 

Asn Trp ASP pro val His Ala Val Gin Met Thr Pro Ser ser ryr Pro 

Thr Trp Thr Val Thr He Pro Leu Leu Gin Gly Gin Asn He Gin Phe 

L^s Phe He Lys Lys Asp ser Ala Gly Asn val He Trp g1« Asp He 

75 80 

ser Asn Arg Thr gr Thr val Pro Thr Ala Ala ser Gly Ala Tjr Thr 

Ala Ser Trp Asn val Pro 
100 

<210> 2 

<211> 99 

<212> PRT 

<213> Bacillus sp. 

<400> 2 

Thr ser Asn val Thr Phe Thr val Asn Asn Ala Thr Thr val Tyr Gly 



15 



61n Asn val ^r val val Gly Asn lie Pro Glu Leu Gly Asn Trp Asn 

30 

lie Ala Asn Ala He Gin Met Thr Pro ser ser Tyr Pro Thr Trp Lys 

Thr Thr val ser Leu Pro Gin Gly Lys Ala He Glu Phe Lys Phe lie 

60 
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L|s Lys ASP ser Ala |ly Asn val He Trp Glu Asn He Ala Asn Arg 

Thr TVr Thr val Pro Phe ser ser Thr Gly ser Tyr Thr Ala Asn Trp 

90 95 

Asn val Pro 



<210> 3 
<211> 102 
<212> PRT 

<213> Al call phi! ic Bacillus 
<400> 3 

Thr ser Thr Thr Ser Gin He Thr Phe Thr Val Asn Asn Ala Thr Thr 

10 15 

val Trp Gly Gin Asn Val Tyr val Val Gly Asn He ser Gin Leu Gly 

25 30 

Asn Trp ASP Pro val Asn Ala val Gin Met Thr Pro S|r ser Tyr Pro 

Thr Trp val Val Thr val Pro Leu Pro Gin ser Gin Asn He Gin Phe 

>3 60 

L^s Phe He Lys Lys Asp Gly ser Gly Asn val He Trp Glu Asn He 

75 80 

ser Asn Arg Thr T^r Thr val Pro Thr Ala Ala Ser Gly Ala Tyr Thr 

Ala Asn Trp Asn Val Pro 
100 

<210> 4 
<211> 484 
<212> PRT 

<213> Bacillus flavothermus 
<400> 4 

Gly ser val Pro val Asn Gly Thr Met Met Gin Tyr Phe Glu Trp Tyr 
3 10 15 

Leu pro ASP ASP Gly Thr Leu Trp Thr Lys val Ala Asn Asn Ala Gin 

30 

ser Leu Ala Asn Leu Gly He Thr Ala Leu Trp Leu Pro Pro Ala Tyr 

45 
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Lys 01. Thr s.r ser Ser «p v.l W^si^/lS^Tyr *sp Leu .yr 

60 

ASP Leu Gly Glu Phe Asn Gin Lys Gly Thr val Arg Thr Lys Tyr 6ly 

75 80 

Thr Lys Thr Gin Tjr lie Gin Ala lie Gin Ala Ala His Thr Ala Gly 

95 

Met Gin val ry^r Ala Asp val val Phe Asn His Lys Ala Gly Ala Asp 

110 



Oly T..r 61„ V.1 «p AU val Glu val Asn Pro ser Asp Ar, ash 
61n gu He ser «ly Thr gr ein He sin Ala Trp Thr uys Phe 



Asp 

PH| Pro Gly Arg sly Asn Thr Tyr ser Ser Phe Lys rrp Arg Trp TVr 

His Phe ASP Gly Thr Asp Trp Asp Glu ser Arg Lys Leu Asn Arg He 

Tyr Lys Phe Arg Gly Thr Gly Lys Ala Trp Asp Trp Glu Val Asp Thr 

-Lb 5 190 

Glu Asn Gl^ Asn Tyr Asp Tyr Leu Met Tyr Ala Asp Leu Asp Met Asp 



205 



His pro Glu val val Ser Glu Leu Lys Asn Trp gIj Lys Trp Tyr val 

Thr Thr Thr Asn He Asg Gly Phe Arg Leu Asp Ala val Lys His He 

235 240 

tys Tyr ser Phe Phe Pro Asp Trp Leu ser Tyr val Arg Thr Gin Thr 

250 255 

Gin Lys Pro L|u Phe Ala val Gly Glu Phe Trp Ser Tyr Asg He ser 

Lys Leu His Asn Tyr He Thr Lys Thr Asn Gly ser Met ser Leu Phe 

285 

ASP Ala Pro Leu His Asn Asn Phe Tyr He Ala |er Lys Ser Gly Gly 

Tjr Phe ASP Met Arg Thr Leu Leu Asn Asn Thr Leu Met Lys Asp Gin 

315 320 
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Ala val Thr Leu Val Asp Asn His Asp Thr Glu Pro Gly 

330 

«1n ser Leu |,„ ser Trp val p ^rp Ph, Lys Pro «„ Ala Tyr 
Ala Phe lie Leu Thr Arg Gin Glu Gly ryr Pro cys Val Phe Tyr Gly 
ASP ^r Tvr Gly xle Pro L^s Tyr Asn xle Pro Ala Leu Lys ser Lys 
«" |U Ala Ar, Arg Asp gr Ala Tyr «,y Thr cl„ 

4QQ 

His ASP Tyr He Asg ser Ala Asp lie lie Gly Trp Tl,r Arg g1„ 



Gly 

val Ala Glu L^s Ala Asn ser Gly Leu Ala Ala Leu He Thr Asp Gly 
Pro Gly Glj ser Lys Trp «et Tjr Val Gly Lys Gin His Ala Gly Lys 



THr Phe ^r Asp Leu Thr g1^ ash Arg ser Asp Thr val Thr xle Asn 
Ala ASP Gly Trp Gly Glu Phe Lys val Asn Gly Gly 
Trp val Pro Lys 



.... ^jr^ v«, Asn eiy Gly ser Val Ser He 



<210> 5 

<213> 485 

<212> PRT 

<213> Bacillus sp 

<400> 5 



Ala As„ Thr Ala Pro Val Asn dy Thr Met Met ivr Phe du Trp 

10 15 

«P ueu Pro Asn asp cly r^r ueu Trp Thr Lys val Lys Asn Gl„ A,a 

30 

ser ser Le. ser Ala Leu sly lie Thr Ala Le» Trp Leu Pro Pro Ala 
Tyr Ljjs Gly Thr ser g1„ Ala Asp val Gly Tyr Gly val Tyr Asp Leu 
ASP Leu Gly Glu Phe Asn Gin Lys Gly Thr ile Ar, Thr Lys l^r 
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75 80 

6ly Thr Lys Thr Gin Tyr Leu Gin Ala lie Gin Ala Ala Lys Ser Ala 

90 95 

Oly «,t sin jgj Tyr Ala Asp val val Asn «s cys Ala oly a1. 

110 

ASP ser Jjr gIu rrp val Asp Ala val gIu Val Asn Pro ser Asn Arg 
Asn Gin Glu Thr ser Gly Thr Tyr Gin lie Gin Ala Trp THr Lys Phe 



Asg Phe Pro Gly Arg Asn Thr Tyr ser ser Phe Lys Trp 



Arg Trp 
160 



Tyr His Phe ASP Cl^ Thr Asp Trp Asp Glu ser Arg tys u«. Asr Arg 

170 175 

ne Tyr Lys Phe Ar, oly Thr Gly Ljs Ala Tn> Asp Trp Gl. val Asp 

Thr Glu Asn Gly Asn Tyr Asp ^r Leu Met Phe Ala Asg Leu Asp Met 

ASP His Pro Glu val val Ala Glu Leu Lys Asn Trg Gly Lys Trp Tyr 

val Asn Thr Thr Asn Val Asp Gly Phe Arg Leu Asp Ala Val Lys His 

240 

tU Lys Tyr ser Phe Phe Pro Asp Trp Leu ser Tyr val Arg Asn Gin 

250 255 

Thr Gly Lys A|n Leu Phe Ala val Gly Glu Phe Trp Gly ivr Asp val 

270 

Asn Lys Leu His Asn Tyr lie Thr Lys Thr Asn Gly Ala .«t Ser Leu 

285 

Phe Asg Ala Pro Leu His Asn Asn Phe Tyr He Ala ser Lys ser ser 

f Tyr Phe ASP Met Arg lyr Leu Leu Asn As; TKr Leu «et Lys Asp 

^-^^ 320 

sin p™ Ala teu Ala val Thr Leu val Asg Asn His Asp Thr Gin Pro 

^30 335 

Sly Gin ser Leu Gin Ser Trp val Glu Pro Trp Phe Lys Pro Leu Ala 

Page 5 
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350 



Tyr Ala Phe He Leu Thr Arg Gin gIu Gly Tyr Pro val Phe Tyr 
Gly Asg Tyr Tyr Gly He Pro Lys Tyr Asn He Pro Gly Leu Lys Ser 

3^5 '''P "''^ Ala Arg Arg Asp Tyr Ala Tyr Gly Th 

395 4ni 



400 



Gin Arg Asp Tyr lie Asp His Gin Asp jle He Gly Trp Thr Ar| Glu 

Gly lie ASP Ala Lys Pro Asn Ser Gly Leu Ala Ala Leu He Thr Asp 

^" 430 

Gly Pro Gl^ Gly ser Lys Trp Met Tyr val Gly Lys Arg His Ala Gly 

Lys V|l Phe Tyr Asp Leu Thr Gly Asn Arg ser Asp Thr val Thr He 

460 

A|n Ala ASP Gly Trp Gig gIu Phe Lys Val Asn Gly Gly ser Val ser 



480 



He Trp val Ala Lys 
485 

<210> 6 
<211> 484 
<212> PRT 

<213> Alkaliphilic bacillus 
<400> 6 

Gly ser val Pro Val Asn Gly Thr Met Met Gin Tyr Phe Glu Trp lyr 

Leu Pro ASP ASP Gly Thr Leu Trp Thr Lys val Ala Asn Asn Ala Gin 

" 30 

ser Leu Ala Asn Leu Gly He Thr Ala Leu Trp Leu Pro Pro Ala Tyr 



Lys Gly Thr Ser Ser ser Asp val Gly Tyr Gly Val lyr Asp Leu lyr 

ASP Leu Gly Glu Phe Asn Gin Lys Gly Thr val Arg Thr Lys Tyr Gly 

75 80 

Thr Lys Thr Gin Tjr He Gin Ala He Gin Ala Ala His Thr Ala Gly 



90 95 
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Met Gin val Ala Asp val val Phe Asn His Lys Ala Gly Ala Asp 
•^"^ 105 110 

Gly Thr Glu Leu Val Asp Ala val clu Val Asn Pro gr Asp Arg Asn 

Gin Glu He ser Gly Thr ryr Gin He Gin Ala Trp Thr Lys Phe Asp 

140 

Phe Pro Gly Arg Gly Asn Thr Tyr Ser ser Phe Lys Trp Arg Trp Tyr 

' ^ 160 

His Phe ASP Gly Thr Asp Trp Asp Glu ser Arg Lys Leu Asn Arg He 

175 

Tyr Lys Phe Arg Gly Thr Gly Lys Ala Trp Asp Trp Glu val Asp Thr 

190 

Glu Asn Gl^ Asn Tyr Asp Tyr Leu Met Tyr Ala Asp Leu Asp Met Asp 

His pro Glu val val ser Glu Leu Lys Asn Trp Gig Lys Trp Tyr val 

il| Thr Thr Asn He Asp Gly Phe Arg Leu Asp Ala val Lys His He 

235 240 

Lys Tyr ser Phe Phe Pro Asp Trp Leu ser Tyr Leu Arg Thr Gin Thr 

250 255 

Gin Lys Pro L|u Phe Ala val Gly Glu Phe Trp Ser Tyr Asg He Asn 

Lys Leu Hi I Asn Tyr He Thr lvs Thr Asn Gly ser Met ser Leu Phe 

^ou 285 ■ 

Asp Ala Pro Leu His Asn A|n Phe Tyr He Ala Ser Lys ser Gly Gly 

Phe ASP Met Arg ^r Leu Leu Asn Asn Thr Leu Met Lys Glu Gin 

315 320 

Pro Thr Leu ser val Thr Leu val Asp Asn His Asp Thr Glu Pro Gly 

330 335 ' 

Gin ser Leu Gin Ser Trp Val Glu Pro Trp Phe Lys Pro Leu Ala Tyr 



Ala Phe He Leu Thr Arg Gin Glu Gly Tyr Pro Cys Val Phe Tyr Gly 



345 350 
365 
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ASP Tj.r Tyr Gly He Pro l^s Tyr Asn He Pro Ala Leu Lys ser Lys 

385 ''''' lU ""^^ '^•'9 '^'•9 ASP TVr Ala Tyr 6ly Thr Gin 

395 400 



His ASP Tyr He Asg Asn Ala Asp ile lie Gly rrp Thr Arg gIu Gly 

410 415 

val Ala Glu Ljs Ala Asn Ser Gly Leu Ala Ala Leu He Thr Asp Gly 



430 



Pro Gly Gly ser Lys Trp Met ^r val Gly Lys Gin His Ala Gly Lys 



445 



Thr Phe Tyr Asp Leu Thr jl^ Asn Arg ser Asp Thr val Thr He Asn 



460 



Ala ASP Gly Trp Gly Glu Phe Lys val Asn Gly Gly ser val ser il 

" 475 4ft 

Trp Val Pro Lys 



e 

480 



<210> 7 

<211> 517 

<212> PRT 

<213> Bacillus sp.: 

<400> 7 



Met ser Leu Phe Lys Lys He Phe Pro Trp He Leu ser Leu Leu Leu 

10 15 

Leu Phe Leu Phe He Ala Pro Phe Ser He Gin Thr Glu Lys val Arg 

" 30 

Ala Gly ser val Pro val Asn Gly Thr Met Met Gin T^r Phe Glu Trp 

Tyr Leu pro Asp Asp Gly Thr Leu Trp Thr Lys val Ala Asn Asn Ala 

60 

Gin ser Leu Ala Asn Leu Gly He Thr Ala Leu Trp Leu Pro Pro Ala 

75 80 

Tyr Lys Gly Thr ser ser Ser Asp val Gly Tyr Gly val Tyr Asp Leu 

yu 95 

ryr «p Leu Glu Phe Asn sin lvs Gly Thr val Arg Thr Lys Tyr 

105 110 ' ' 
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«Ty Thr Lys Tl,r Gin Tyr He Gin Ala He Gin Ala Ala His Thr Ala 



120 

Ala 



Cly «|t Gin val Tyr Ala A|p val val Phe Asn His Lys Al. sly 

140 ' 

*g Oly Thr «,„ Leu va. Asp Ala val c1„ val «„ p™ ser Asp Arc 

^55 X60 
Asn G,„ olu ,u ser cly Thr Tyr sl„ jig ci„ Ala Trp Ttir Lys Phe 

ASP Phe Pro Jig Ars Cly Asn Thr T^r s,r ser Ph. Lys Trg Ar, Trp 

Tyr HIS ASP «ly Thr Asp Trg ASP Gl„ Ser Ar, Lgs l«, as. Ar, 

IT Lys Phe Arg cly Jjr cly Lys Ala Trp Asg Trp clu val Asp 

«S "l" «" «ly Asn ^r ASP Tyr Leu Met gr a1, asp Leu 



Asp Met 
240 

ASP HIS Pro Clu val val ser clu Leu L^s Asn Tn. cly Lys Trg Tyr 



val Thr Thr Thr Asn lie Asp cly Phe Ar, Leu Asp Ala val Lys h1s 
lie Lys ^r ser Phe Phe Prp Asg Trp Leu Ser Tyr Arg Thr sin 



Thr cln Lys Pro Leu Phe Ala val cly clu Phe Trg ser Tyr Asp He 

|.r Lys Leu His Asn ^ He Thr Lys Thr as; cly ser «et Ser Leu 

320 



Ser Gly 
335 



"he ASP Ala Pr. Leu His Asa Asn Phe gr He Ala ser Lys 

51y ryr Phe Asg Met Arg TKr Leu Leu Asn Asn Thr Leu >»t Lys Asp 

350 

Gin pro Thr L«, Ala val Thr Leu val Asp Asn His Asg Thr clu Pro 
Cly |1n ser Leu cln ser Trg val clu p™ Trp Phe Lys Pro Leu Ala 
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Tyr Ala Phe He Leu Thr Arg Gin Glu Gly Tyr Pro cys Val Phe Tyr 

395 400 

Gly ASP Tyr Tyr Gly He Pro Lys Tyr Asn He Pro Ala Leu Lys ser 

410 415 

Lys Leu ASP pro Leu Leu He Ala Ag Arg Asp Tyr Ala Tjr Gly Thr 

Gin His A|p Tyr He Asp ser Ala Asp He He Gly Trp Thr Arg Glu 

445 

Gly V|l Ala Glu Lys Ala Asn Ser Gly Leu Ala Ala Leu He Thr Asp 

46? i^g '^••P val Gly Lys Gin His Ala Gly 

475 480 

Lys Thr Phe Tyr Asp Leu Thr Gly Asn Arg ser Asp Thr val Thr He 
WD 490 495 

Asn Ala ASP Gly Trp Gly Glu Phe Lvs val Asn Gly Gly ser Val Ser 
>w 505 510 



lie Trp val Pro Lys 
515 



<210> 8 

<211> 550 

<212> PRT 

<213> Unknown 

<220> 

<223> Source unknown 

<400> 8 



Met ser Leu Phe Lys Lys He Phe Pro Trp He val ser Leu Leu Leu 
3 10 15 

Leu Phe ser Phe He Ala Pro Phe ser He Gin Thr Glu Lys val Arg 

^5 30 

Ala Gly ser Val Pro val Asn Gly Thr Met Met Gin T^r Phe Glu 



Trp 



Tyr Leu Pro Asp Asp Gly Thr Leu Trp Thr Lys val Ala Asn Asn Ala 

55 60 

Gin ser Leu Ala Asn Leu Gly He Thr Ala Leu Trp Leu Pro Pro Ala 

75 80 

Tyr Lys Gly Thr Ser ser Ser Asp val Gly Tyr Gly Val Tyr Asp Leu 
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90 95 

ryr ASP Leu Gly Glu Phe Asn cln lvs Gly Thr val Arg Thr 
<=1y Thr Thr 61„ ryr i,e g„ ,u i,e Gin *u A„ „,s Thr aU 
Gly gt Gin val ryr Ala As| val val Phe Asn His Lys Ala Gly Ala 



110 



140 



«g G,y Thr Glu «i «p Al, val Glu val AS. pro s,r A.p Arc 

Asn Gin Glu lie Ser Gly Thr Tyr Gin n*. ri« ^ 

165 ' fJ3 '^la Trp Thr l^s phe 



ASP Phe P™ Gljj „„ j^^, ^ 

T/r Hi. Phe ASP Gly Thr Asp Trg Asp Glu ser Arg .^s Leu As- Ar, 
XI. Tjr uys Phe Are Gly Thr Gly uy, aU Trp Asg Trp Glu v.l Asp 
Thr Glu Asn Gly Asn gr Asp Tyr Leu «et ^r Ala Asp Leu 



Asp Met 
240 



ASP HIS pro Glu val val ser G,u Leu Lg Asn Trp Gly Lys Trg Tyr 
val Thr Thr Thr Asn He Asp Gly Phe Arg Leu Asp Ala Val Lys His 



«e Lys Tj(r ser Ph. Phe Pr„ A|g Trp Leu ser Tyr «1 Arg i1,r Gin 

285 

T^r Gin Lys Pro Leu Phe Ala val Gly Glu Phe Trg ser ryr Asp rle 

Ag; Lys Leu H,-s Asn gr l,e Thr Lys T1,r Asn Gly ser ™t ser Leu 

320 

Phe ASP Ala Pro Leu h1s as„ Asn Phe Tyr He Ala Ser Lys ser Gly 

335 

Gly Tyr Phe Asg «et Arg Thr Leu Leu Asn Asn Thr Leu „« Lys Asp 

Mn Pro Thr Leu ser val Thr Leu val Asp Asn His Asp Thr Glu Pro 
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355 360 365 

Gly Gin Ser Leu Gin Ser Tr| Val Glu Pro Trp Phe Lys Pro Leu Ala 

T^r Ala Phe He Leu Thr Arg Gin Glu Gly gr Pro Cys He Phe 

Gly ASP Tyr Tyr Gly He Pro Lys Tyr Asn He Pro Ala Leu Lys ser 

410 415 

Lys Leu ASP Pro Leu Leu He Ala jrg Arg Asp lyr Ala T^r Gly Thr 

Gin His ASP Tyr He Asp Asn Ala Asp He He Gly Trp Thr Arg Glu 

Gly val Ala Glu Lys Ala Asn Ser Gly Leu Ala Ala Leu He Thr Asp 

460 

46? "^^y ^^'^ ■^••P Lys Gin His Ala Gly 

475 480 

Lys Thr Phe Tyr jsj Leu Thr Gly Asn Arg ser Asp Thr Val ^r He 

Asn Ala ASP Gly Trp Gly Glu Phe l^s val Asn Gly Gly ser val Ser 

ne Trp val pro Lys Thr ser Thr Thr Ser Gin He Thr Phe Thr val 

Asn Asn Ala Thr Thr val Trp Gly Gin Asn val Tyr val val Gly Asn 

jj-> 540 

He Ser Gin Leu Gly Asn 
545 550 

<210> 9 

<211> 482 

<212> PRT 

<213> Unknown 

<220> 

<223> UnknoMm source 
<400> 9 

Ala pro val Asn Gly Thr Met Met Gin TVr Phe Glu Trp Asp Leu Pro 
' 10 15 

Asn ASP Gly Thr Leu Trp Thr Lys val Lys Asn Glu Ala Thr Asn Leu 

25 30 
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ser ser Leu Gly lie Thr Ala Leu Trp Leu Pro Pro Ala Tyr Lys Gly 

Thr ser Gin Ser Asp val Gly Tyr Gly val lyr Asp Leu Tyr Asp Leu 

Gly Glu Phe Asn Gin ljs Gly Thr He Arg Thr Lys Tyr Gly Thr Ly^s 



80 

Ala Gin Tyr He Gin Ala He Gin Ala Ala Lys Ala Ala Gly „et Gin 
val Tyr Ala Asg val val Phe Asn His Lys Ala Gly Ala Asg Gly Thr 
Glu Phe val ASP Ala val Glu Val Asn Pro Ser Asn Arg Asn Gin Glu 



125 



Thr S|r Gly Thr Tyr sin ,le Gin Ala Trp ,1,r Lys Ph, Asp Phe Pro 

140 



Jlj Ars Gly Asn Thr T^r ser ser Phe tys Trp at, Trp Tyr His Phe 

160 

ASP Gly Thr ASP Tg ASP Glu Ser Arg u^s ueu Asn Arg He Tyr Lys 

Phe Arg Gly Thr Gly Lys Ala Trp Asp Trp Glu val Asp Thr Glu Asn 

190 

Gly Asn gr Asp Tyr Leu Met Phe Ala Asp Leu Asp Met Asp His Pro 

£,Mu 205 

Glu val val Thr Glu Leu Lys Asn Trp Gly Lys jrg Tyr val Asn Thr 

Thr Asn val Asp Gly Phe Arg Leu Asp Ala val Lys His He Lys lyr 

235 240 

ser Phe Phe Pro Asg Trp Leu Thr Tyr Val Arg Asn Gin Thr Gl^ Lys 

Leu Phe Ala Val Gly Glu Phe Trp ser Tyr Asp val Asn Lys Leu 

265 270 

His Asn T^r He Thr Lys Thr A|n Gly ser Met Ser Leu Phe Asp Ala 

285 

pro Leu His Asn Asn Phe ^r He Ala ser Lys Ser ser Gly Tyr Phe 
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Ag Met Arg ryr Leu Leu Asn Asn Thr Leo Met Lys Asp Gin Pro ser 

315 320 

Leu Ala val Thr Leu val Asp Asn His Asp Thr Gin Pro Gly Gin Ser 

330 335 

Leu Gin ser Trg val gIu Ala Trp Phe Lys Pro Leu Ala Tyr Ala Phe 

^ 345 350 

lie Leu Thr Arg Gin Glu Gly T^r Pro Cys Val Phe T^r Gly Asp Tyr 
Tyr Gl^ He Pro Lys Tyr Asn He Pro Gly Leu l^s ser Lys He Asp 
pro Leu Leu He Ala Arg Arg Asp Tyr Ala T^r Gly Thr Gin Arg Asg 
Tyr He ASP His Gin Asp He He Gly Trg Thr Arg Glu Gly He Asp 
Ala Lys pro Asn ser Gly Leu Ala a1| Leu He Thr Asp Gig Pro Gly 

Gly ser l^s Trp Met Tyr val Glv Lys Lys His Ala Gly Lys val Phe 

'kw 445 

Tyr Asg Leu Thr Gly Asn Arg ser Asp Thr val Thr He Asn Ala Asp 

460 

46? ^"'^ "^^^ ij^g val Asn Gly Gly ser val ser He Trp val 

475 480 

Ala Lys 

<210> 10 

<211> 482 

<212> PRT 

<213> unknown 

<220> 

<223> source unknown 
5400> 10 

Ala Pro val Asn Gly Thr Met Met Gin TVr Phe Glu Trp Asp Leu Pro 

10 15 

Asn ASP Gly Thr Leu Trp Thr Lys Val Lys Asn Glu Ala Thr Asn Leu 

30 

ser ser Leu Gly He Thr Ala Leu Trp Leu Pro Pro Ala Tyr Lys Gly 
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35 40 45 

Thr ser Gin ser Asp val Gly Tyr Gly val Tyr Asp Leu Tyr Asp Leu 

60 

Gly Glu Phe Asn Gin Lys Gly Thr He Arg Thr Lys Tyr Gly Thr Lys 

75 80 

Thr Gin Tyr He Gin Ala lie Gin Thr Ala Gin Ala Ala Gly Met Gin 
85 90 ' 95 

val Tyr Ala Asp Val Val Phe Asn His Lys Ala Gly Ala Asg ser Thr 

Glu Phe val ASP Ala Val Glu Val Asn Pro ser Asn Arg Asn Gin Glu 

120 125 

Thr ser Gly Thr Tyr Gin lie Gin Ala Trp Thr Lys Phe Asp Phe Pro 



140 



Gl^ Arg Gly Asn Thr gr Ser Ser Phe Lys Trg Arg Trp Tyr His Phe 

Asp Gly Thr Asp Trp Asp Glu Ser Arg Lys Leu Asn Arg He Tyr Lys 

170 1^5 

Phe Arg Gly Thr Gly Lys Ala Trp Asp Trp Glu Val Asp Thr Glu Asn 

185 190 

Gly Asn Tyr Asp Tyr Leu Met Phe Ala Asp Leu Asp Met Asp His Pro 

200 205 

Glu val val Thr Glu Leu Lys Asn Trp Gly Thr Trp Tyr val Asn Thr 

220 

Thr Asn lie Asp Gly Phe Arg Leu Asp Ala val Lys His He Lys Tyr 

<30 235 240 

ser Phe Phe Pro Asp Trp Leu Thr Tyr val Arg Asn Gin Thr Gly Lys 

250 255 

Asn Leu Phe Ala val Gly Glu Phe Trp ser Tyr Asp val Asn Lys Leu 

265 270 

His Asn Tyr He Thr Lys Thr Asn Gly ser Met Ser Leu Phe Asp Ala 

280 285 

pro L|u His Asn Asn Phe T^r Thr Ala Ser Lys ser Ser Gly Tyr Phe 

ASP Met Arg Tyr Leu Leu Asn Asn Thr Leu Met Lys Asp Gin pro ser 
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315 320 



Leu Ala val Thr Leu val Asp ash His Asp Thr Gin Pro cly Gin ser 

330 335 

L«. 61„ ser jrg v.l Glu Pro Trp Phe Lys Gin Leu Al. T^r aU Phe 
tie L«. Thr Ar, 6l„ Glu Gly ^ p™ cys Val Phe Tyr Gly Asp Tyr 

Gig ne pre uys -.yr «„ lU p™ G,y uu s„ 
|ro Leu Leu He Ala Arg Arg A.p Tyr Al, Tvn Gly Thr Gl„ Arg Asp 
ivr He ASP wis Gin asp He He Gly Trg Thr Arg Glu Gly He Asp 

410 415 

Ala Lys pro «„ ser Gly Leu Ala Ala Leu He T1,r Asp Gly Pro Gly 



430 



Oly ser L|js Trp Met Tyr val Glv Lys Lys His Ala Gly uys val Ph. 

445 

•^r Asg Leu Thr Gly Asn *r| ser Asp Thr val Thr He As„ Ala Asp 

i^J «1 Asn Gly Gly Ser val Ser He 

Ala Lys 



^- — Trp Val 



<210> 11 

<211> 482 

<212> PRT 

<213> Unknown 

<220> 

<223> source unknown 
<400> 11 

Ala pro val Asn Gly Thr Met Met Gl„ Tvr Phe Glu Trp Asp Leu P™ 

15 

Asn ASP Gly Thr Leu Trp i1,r Lys val Lys Asn Glu Ala ser Ser Leu 



30 



ser ser Leu Gly He T»,r Ala Leu Trp Leu Pro Pro Ala Tyr Lys Gly 

Page 16 



10473.O10-OK.ST25 
Thr ser Gin Gly Asp val Gly yyr Gly val Tyr Asp Leu ryr Asp Leu 



Lys 



Ijy Glu Phe Asn Gin Ljs Gly Thr He Arg Thr Lys ryr Gly Thr 

75 so 

Thr Gin Tyr Leu Gin Ala He Gin Ala Ala iwq co,. ai» 

85 c win Aia Aia Lys ser Ala Gly Met Gin 

va, Tyr Ala Asg val val Phe Asn hU Lys Ala 61y Ala *sg ser Thr 
filu Trp «1 ASP Ala val Glu «, Asn Pro ser Asn Arg Asn 6l„ 61„ 

Thr S|r Gly Thr Tyr Gin lie Gin Ala Trp Thr tys Phe Asp Ph. Pro 

140 

fj^ Ars Gly Asn Thr gr Ser ser Phe Lys Trp Ar, Trp Tyr „,s Phe 

"5 150 

«P Gly Thr ASP Trg Asp Gl« ser Arg l^s Leu Asn Arg il. j^r Lys 

Ph. Arg Gly Thr Gly Lys Ala Trp Asp Trp Glu val Asp Thr Glu Asn 

190 

«ly Asn gr ASP Tvr Leu Her Phe Ala Asp Leu Asp «et Asp His Pro 



205 



Glu «1 val Thr Glu Leu l^s Asn Trp Gly Thr Trg Tyr val Asn Thr 

Asn val Asp sly Phe Arg Leu Asp Ala val Lys His II. Lys Tyr 

235 240 

S.r Ph. Phe pro Asg Trp l.u Thr His V|l Arg s.r Gin Thr Ar| Lys 

Asn Leu Phe Ala val Gly Glu Ph. Trp ser ,yr Asp val Asn Lys Leu 

270 

«1s Asn Tj;r lie Thr Lys Thr ser Gly Thr s.r Leu Phe Asp Ala 



285 



pro L|u His Asn Asn Phe ^r Thr Ala s.r Lys ser ser Gly Tyr Phe 

*s| Met Arg Tyr Leu l.u Asn Asn THr Leu Met Lys Asp Gin Pro Ser 

"5 320 
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UH. Ala val Thr L|u val Asp Asn His Asp Tfr aln Pro Gly sin ser 

«o 335 

U.U sin ser Trg v.1 olu Pro Trp pJ. Lys Pro ueu aU TJr Ala Phe 
He Leu Thr Arg Gin gIu Gly ^ pro cys val Phe ^r Gly Asp Tyr 
ryr Glj, rle Pro lys Tyr «„ He Pro Gly Leu l^ ser Lys lie Asp 
Pro Leu Leu He Ala Arg Arg Asp Tyr Ala TVr Gly Tl,r Gin Ar, Asp 
Tyr He ASP His Gin Asp He He Gly Trp Thr Arj Glu sly H 



410 



415 



e Asp 



ser Lys Pro Asj ser Gly Leu Ala Ala Leu He Thr Asp Gly Pro Gly 

430 

Gly ser L^s Trp wt ,vr val g1^ Lys Lys His Ala Gly Lys val Phe 
IVr Asg Leu Thr sly Asn Ar| ser Asp Tl,r Val Thr He Asn Ala Asp 



445 

460 

46? "^•'P Phe L^s val Asn Gly Gly ser val ser il 

Ala Lys 



ser val ser He Trp val 



<210> 12 

<211> 482 

<212> PRT 

<213> unknown 

<220> 

<223> source unknown 
<400> 12 

AU pro val Asn sly Thr Het Met Gin TVr Phe slu Trp Asp Leu Pro 

15 

Asn ASP Sly Thr Leu Trp Thr Lys val Lys Asn slu Ala |er ser Leu 
ser ser L|u sly He Thr Ala Leu Trp Leu Pro Pro Ala Tyr Lys sly 

Thr ser sin sly Asp v,l sly ivr sly val Tyr Asp Leu lyr Asp Leu 
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|ly 6lu Phe Asn Gin Lys Gly Thr He Arg Thr Lys .Tyr 6ly Thr Lys 

Thr Gin Tyr Leu Gin Ala He Gin Ala Ala Lys ser Ala Gly „et Gin 

90 95 



val Tyr Ala Asg Val val Phe Asn His Lys Ala Gly Ala Asp ser Thr 

•^"^ 110 

Glu rrp val Asp Ala val gIu val Asn Pro Ser Asn jrj Asn Gin Glu 

Thr ser Gly Thr lyr Gin lie Gin Ala Trp Thr l^s Phe Asp Phe Pro 

Arg Gly Asn Thr gr ser Ser Phe Lys Trp Arg Trp Tyr h1s Phe 

"5 160 

ASP Gly Thr ASP Tg ASP Glu ser Arg Lys Leu Asn Arg He T^r Lys 

Phe Arg Gly Thr Gly Lys Ala Trp Asp Trp Glu val Asp Thr Glu 

i85 lOft 



Asn 

190 



Gly Asn gr ASP Tyr Leu Met Phe Ala Asp Leu Asp Met Asp His Pro 

^uu 205 

Glu val val Thr Glu Leu Lys Asn Trp Gly Thr Trp Tyr Val Asn Thr 

220 

Thr Asn val Asp Gly Phe Arg Leu Asp Ala val Lys His lie Lys Tyr 

235 240 

ser Phe Phe Pro As| Trp Leu Thr Tyr val Arg ser Gin Thr Gin 



255 



Lys 



Asn Leu Phe Ala val Gly Glu Phe Tro ser Tyr Asp val Asn Lys Leu 

270 

His Asn T^r He Thr Lys Thr S|r Gly Thr Met Ser Leu Phe Asp Ala 
Pro L|u His Asn Asn Phe gr Thr Ala Ser Lys ser ser Gly Tyr Phe 
«g «« Ars Tyr w„ Leu A5n «„ Thr Met Lys Asp Gin Pro ser 



Leu AU val Thr Leu val Asp Asn h1s Asp Thr 6l„ Pro Gly Gin ser 

Page 19 



„- 10473. 010-OK.ST25 

"5 330 . 335 

Leu 6ln ser Trp val Glu Pro Trp Phe Lys Pro Leu Ala gr Ala Phe 
ne Leu Thr Arg Gin Glu Gly Pro cys val Phe Tjr Gly Asp Tyr 
Tyr Gl^ ne Pro Lys Tyr Asn He Pro Gly Leu L^s Ser Lys He Asp 
pro Leu Leu He Ala Arg Arg Asp Tyr Ala ^r Gly Thr Gin Arg Asp 
Tyr He Asp His Gin Asp He He Gly jrg Thr Arg Glu Gly He Asp 

ser Lys Pro Asn ser Gly Leu Ala Ala Leu He Thr Asp Gly Pro Gly 

425 430 

Cly ser ljs Trp ^^t Tyr val Glj Lys Lys His Ala g1^ Lys val Phe 
Tyr Asg Leu Thr Gly Asn Arj ser Asp Thr val Thr He Asn Ala Asp 

46? ^'^y ""^^ "''^ Asn Gly Gly ser val ser He Trp val 

475 480 

Ala Lys 

<210> 13 
<211> 483 
<212> PRT 

<213> Bacillus lichenlformis 
<400> 13 

Ala Asn Leu Asn Gly Thr Leu Met Gin Tvr Phe Glu Trp Tyr Met Pro 

10 15 

Asn ASP Gly Gin His Trp Arg Arg Leu Gin Asn Asp ser Ala Tyr Leu 

" 30 

Ala Glu His Gly He Thr Ala Val Trp He Pro Pro Ala IVr Lys Gly 



45 



Thr ser Gin Ala Asp val Gly Tyr Gly Ala Tyr Asp Leu Tyr Asp Leu 

" 60 

|ly Glu Phe His Cln Ljs Gly Thr val Arg Thr Lys Tyr sly Thr Lys 

75 80 
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«ly Clu u«, .!„ ser AU lie uys ser l=u His ser Ac, A,p xle «n 

90 95 
val Tyr G7y «g val v.1 xl. «n His cys <=1y sly Ala Asg Ala Thr 

=lu ASP val Thr Ala val sl„ val Asp ,r. Ala Asp Ar| Asn Ar, val 

«e sar Gly Cu „1s .eu lie Lys Ala Trp »u Phe His Phe Pro 

Hi ^ Gly ser Thr gr ser Asp Phe ty, Trp His Trp Tyr His Phe 

•■•'5 160 
ASP Sly Thr ASP Tg ASP Glu Ser A,, t^s Leu AS„ Ara xle ^r Lys 

Cln Gly ^s Ala Tr, Asp Trp gu val ser Asn gIu Asg Gly as„ 

Tyr ASP gr ceu «et lyr Ala Asg xle Asp Tyr Asp His Pro Asp val 

Ala Aja Glu Xle uys Ar, Tg Gly Thr rr^ ryr Ala Asn Glu Leu Gl„ 

^fl ASP Gly Phe Ar„ Leu Asp Ala val Lys His xle Lys Phe ser Phe 

240 



Leu Ar, ASP Trp val as„ h,s val Arg g,u Lys Thr Gly Lys Glu Met 

255 

Phe Thr val Ala Glu Tyr t^, Gin Asn Asp l«, Gly a1. Leu clu Asn 

270 

IVr Leu Asn Lys Thr Asn Phe Asn His ser val Phe Asp val p™ Leu 

2o5 



"is ^ Gin Phe His Ala Ala ser Thr Gin Gly Gig Gly Tyr Asp «et 



J5I Lys Leu Leu Asn Gig Thr val val ser lvs His Pro Leu Lys ser 

320 

val TKr Phe val Asg Asn His Asp Thr Gin Pro Gly Gin Ser Leu Glu 

335 

«r T*r val Gin Thr Trp Phe Lys Pro Leu Ala Tyr Ala Phe xle Leu 



350 
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Thr Arg Glu Ser Gly Tyr Pro |ln val Phe Tyr Gly A|g Met Tyr Gly 

Thr L^s Gly ASP ser Gin Arg Glu lie Pro Ala Leu Lys His Lys He 

380 

Glu Pro ne Leu Lys Ala Arg Lys Gin lyr Ala lyr Gly Ala Gin His 

ASP Tyr Phe Asp His His Asp He val g1^ rrp Thr Arg Glu Gl^ Asp 

ser ser val Ala Asn Ser Gly Leu Ala Ala Leu He Thr Asp Gly Pro 

430 

Gly Gly Ala Lys Arg Met Tyr val Gly Arg Gin Asn Ala Gly Glu Thr 

445 

rrp His ASP He Thr Gly Asn Arg ser Glu Pro Val val He Asn Ser 
Glu Gly Trp Gly Glu Phe His val Asn Gly Gly ser val ser He Tyr 
val Gin Arg 

<210> 14 
<211> 483 
<212> PRT 

<213> Bacillus amyloliquefacience 
<400> 14 

val Asn Gly Thr Leu Met Gin Tyr Phe Glu Trp Tyr Thr Pro Asn Asp 

^" IS 

Gly Gin His Trp Lys Arg Leu Gin Asn Asp Ala Glu His Leu Ser Asp 

30 

M. Gly lie Thr Ala val Trp lie Pro Pro Ala Tyr u^s G,y l.u s.r 

«ln |er Asp Asn Gly Tyr Gly Pro Tyr *sp Leu jyr Asp Leu Gly Glu 

60 

Phe Gin Gin Lys Gly Thr val Arg Thr Lys Tyr Gly Thr Lys ser Glu 

75 80 

teu Gin ASP Ala ile Gly ser Leu His ser Arg Asn val Gin Val Tyr 

95 
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«1y «P val val Leu as„ His Lys a1| *u «p aU Thr 61 



105 ' " '^'^ JPi: 61U Asp 



-^l Thr jja val du val «„ Pro Ala Asn Arg A,„ g„ o,„ 

<=1- gu 01„ lie uys Ala Trp ^r Asp Phe Arj PHe p™ cly Ar, 

Thr xyr ser asj Phe .ys Trp „ls Trj ^r „U Ph. Asp clj 

*la ASP rrp ASP jl„ ser Ar, Lys xle ser Ar^ xle Phe Lys Phe Ar, 

«ly Clu «ly ^s Ala Trp Asp Trp oju va, ser ser asj cly as„ 

ASP gr ueu Met Tyr Ala «^ val Asp Tyr Asp „js p™ asp val 

val Ala Cl„ Thr uys Lys Tg «,y xle Tn. Tyr Ala as„ slu ueu ser 

«S «P .ly Phe Ar, Xle Asp Ala Ala Lys His x,. Ly. Ph. s.r Phe 

240 



Leu Ar, ASP Trp val 61„ Ala va, Ar, sl„ Ala Thr oly Lys 61„ Met 

£W 255 

Phe Thr val AJ, clu Tyr t, .1„ ash as„ a,, oly Lys Leu siu as„ 

2 70 

TVr L.U «„ Lys Thr s.r Ph. as„ oln ser val Phe Asg val Pro l«, 

JJg Asn L.U Ala Ala ser ser do dy dg dy ,vr Asp „.t 

AJI Arg Leu Leu Asp olg Thr val va, ser Aro His Pro olu Lys Ala 

^■15 320 

val Thr Phe val g„ as„ His Asp Thr Pro 6,y ser Leu «lu 

SSO 335 

ser Thr va, olg T.r Trp Ph. Lys Pro L«, Ala ,yr Ala Ph. xle Leu 
Ar« clu s.r «ly lyr Pro cl„ va, Phe ,vr «ly Asg „et lyr oly 
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Thr L^s Gly Thr ser Pro l^s gIu He Pro ser L|u Lys Asp Asn He 

385 ""^ tlo '"'^ "-y" ^^"^ ^1% '^^ Gin His 

395 400 

ASP Tyr lie Asp His Pro Asp val He Gly Trp Thr Arg Glu Gly Asp 

410 415 

ser ser Ala Ala Lys Ser Gly Leu Ala Ala Leu He Thr Asg Gly Pro 

Gly Gly S|r Lys Arg Met Tyr Ala Gly Leu Lys Asn Ala Gly Glu Thr 

'tw 445 

Trp T^r ASP He Thr Gly Asn Arg ser Asp Thr val Lys He Gly Ser 



460 



A|| Gly Trp Gly Glu Phe His val Asn Asp Gly Ser Val ser lie Tyr 

475 480 

Val Gin Lys 

<210> 15 
<211> 483 
<212> PRT 

<213> Bacillus stearothermophilus 
<400> 15 

Ala Ala Pro Phe Asn Gly Thr Met Met Gin Tyr Phe Glu Trp T^r Leu 

Pro ASP ASP Gly Thr Leu Trp Thr Lys val Ala Asn Glu Ala Asn Asn 

25 30 

Leu ser ser Leu Gly He Thr Ala Leu Trp Leu Pro Pro Ala Tyr Lys 
<5ly Thr ser Arg ser Asp Val Gly Tyr Gly val gr Asp Leu Tyr Asp 

Arg Thr Lys Tyr Gly Thr 
75 80 



L|u Gly Glu Phe Asn Gin Lys Gly Thr val Arg Thr Lys Tyr Gly Thr 



Lys Ala Gin lyr Leu Gin Ala He Gin Ala Ala His Ala Ala Gly Met 



90 - ss-- 



Gin val Tyr Ala Asp val val Phe Asp „is Lys Gly Gly Ala Asp Gly 



110 
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Thr G,u Trp val Asp Ala val 61„ ^^^IXS?':^ Arg Asn cl„ 
Glu lie ser Sly THr lyr oln He sin Ala Trp Thr Lys Phe Asp phe 

140 

Pro Gly Arg Gly Asn Thr Tyr Ser ser Phe Lys Trp Arg Trp Tyr Hi 

155 Ifi 



s 

160 



Phe ASP Gly val Asp Trp Asp Glu ser Arg Lys Leu ser Arg He Tyr 
■^"^ 170 175 

Lys Phe Arg Gig He Gly Lys Ala Tg Asp Trp Glu val A|g Thr Glu 

Asn Gly Asn Tyr Asp Tyr Leu Met Tyr Ala Asp Leu Asg Met Asp His 

pro Glu val val Thr Glu Leu Lys Asn Trp Gly l^s Trp Tyr Val Asn 

Thr Thr Asn He Asp Gly Phe Arg Leu Asp Ala val Lys His He Lys 

230 235 240 

Phe ser Phe Phe Pro Asp Trp Leu ser TVr Val Arg ser Gin Thr Gly 

250 255 

Lys pro Leu Phe Thr val Gly Glo ^r Trp ser Tyr Asp lie Asn Lys 

265 270 

Leu His Asn Tyr He Thr Lys Thr Asn Gly Thr Met Ser Leu Phe Asp 

285 

Ala Pro Leu His Asn Lys Ph| Tyr Thr Ala ser Lgs ser Gly Gly Ala 

Ph| ASP Met Arg Thr Leu Met Thr Asn Thr Leu Met Lys Asp Gin Pro 

315 320 

Thr Leu Ala val Thr Phe val Asp Asn His Asp Thr Glu Pro Gly Gin 

330 335 

Ala Leu Gin |er Trp val Asp Pro Trp Phe Lys Pro Leu Ala Tyr Ala 
" 345 350 

Phe He L|u Thr Arg Gin Glu Gig Tyr Pro Cys Val Phe Tyr Gly Asp 

Tyr T^r Gly He Pro Gin Tyr Asn He Pro Ser Leu Lys ser Lys He 

380 
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385 fig Arg Arg Asp Tyr Ala Tyr Gly Thr Gin His 

Asp Tyr Leu Asp His Ser asd xlm ri^ ^ 

405 *^ lie lie Gly Trp Thr Arg Glu Gly val 



Thr Clu j„ ^ 

430 

=V Gly S|r Ly, Trp «.t ryr «1 .1y 



"■e «p t.u Thr dy «„ ^.r Asp «,r «1 Thr il, «„ ser 

ill =ly Trp Gly «1„ p,e cys val «„ Gly jiy ser val ser val Trp 

480 

Val Pro Arg 

<210> 16 

<211> 485 

<212> PRT 

<213> Unknown 

<220> 

<223> Source unknown 
<400> 16 

His His «„ Gly Thr «„ Gly Thr «et Mjt Gin Tyr Phe Glu Trp Tyr 

pro As„ JSP Gly «„ His Trp jsn Ar, ... Arg ser Asp Ala Ser 

30 

«" ASP tys Gly i„ ser Ala Val Trp xle Pro p™ Ala Trp 

tys IJy Ala ser Gin Asn Asp val Gly Tyr Gly Ala Tyr Asp «u Tyr 

60 

Asp Leu Gly Glu Phe Asn Gin Lvs gIv th^ ti- a 
" 70 ^® ^"'^ Arg Thr Lys Tyr Gly 

75 80 

Thr Ar, Asn Gin ce„ Gl„ Ma Ala val Asn Ala Leu uys ser Asn Gly 

»e Gin va, Gly Asp val val jet Asn „1s .ys G,y Gig Ala Asp 

Ala Thr Gig val Arp aU gIu val as„ Pro Asn Asn Ar, Asn 
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sin Glu val ser 6ly Glu gr Thr He slu aU Trg Thr Lys Phe Asp 

JK| Pro Gly AtB Gly As„ Thr His ser Asn Phe Lys Trp Arg Trp Tyr 

155 16Q 

His Ph. ASP Gly val ASP Trp Asp Gin ser Arg Lys Leu Asn ash Arg 

170 175 

He ivr Lys Ph. Arg Gly Asp Gly lvs Gly Trp Asp Trp Glu val Asp 

Thr Glu A|„ Gly As„ Tyr Asp T^ Leu «et lyr aU as| He Asp «et 

ASP His Pr. Glu val val Asn Glu Leu Arg Asn Trg Gly val Trp Tyr 

Thr Asn Thr Leu Gly Leu Asp Gly Phe Arg lie Asp Ala val Lys His 

^'5 240 

lie Lys ,yr ser Ph. Thr Arg Asp Trp lie asp His val Arg ser Ala 

255 

Thr Gly Lys Asn Met Phe Ala val Ala Glu Phe Trp Lys Asn Asp Leu 



270 



Arg 
320 



Gly Ala lie Glu Asn Tyr Leu A|n Lys Thr Asn Trp Asn His ser val 

285 

Phe Asg val Pro Leu His Tjr Asn Leu ivr Asn Ala Ser Lys Ser Gly 

300 

|lj Asr, Tyr ASP Met Arg Gin 11. Phe Asn 61^ ihr val val Gin 

His Pro Met His Ala val Thr Ph. val Asn as„ His Asp «r Gin Pr„ 

330 335 

Glu Glu Ala Leu Glu ser Phe val Glu Glu Trp Phe Lys Pro Leu Ala 

350 

Tyr Ala Leu Thr Leu Thr Arg Glu Gin Gly Tyr Pr. |.r val Phe Tyr 
Sly Asj Tyr Tyr oly il. p™ Thr His Gly val Pro Ala Met Lys s.r 
Ujll II. ASP Pro II. Leu Glu Ala Arg g1„ l^s Tyr Ala Tyr Gly 



Arg 
400 
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Gin Asn Asp Tyr Leu Asp His His Asn He lie Gly Trp Thr Arg Glu 
405 410 415 



Gly Asn Thr Ala His Pro Asn Ser Gly Leu Ala Thr He Met ser Asp 
^20 425 430 

Gly Ala Gly Gly Asn Lys Trp Met Phe val Gly Arg Asn Lys Ala Gly 
435 440 445 

Gin val Trp Thr Asp He Thr Gly Asn Arg Ala Gly Thr val Thr He 

455 460 

Asn Ala Asp Gly Trp Gly Asn Phe Ser val Asn Gly Gly ser val ser 

^70 475 480 

He Trp Val Asn Lys 
485 

<210> 17 
<2H> 484 
<212> PRT 
<213> Unknown 

<220> 

<223> source unknown 
<400> 17 

Gly ser val Pro Val Asn Gly Thr Met Met Gin Tyr Phe Glu Trp Tyr 
* 5 10 2.5 

Leu pro Asp Asp Gly Thr Leu Trp Thr Lys Val Ala Asn Asn Ala Gin 
^0 25 30 

ser Leu Ala Asn Leu Gly He Thr Ala Leu Trp Leu Pro Pro Ala Tyr 
" 40 45 ' 

Lys Gly Thr Ser ser ser Asp Val Gly Tyr Gly val Tyr Asp Leu Tyr 

55 60 

Asp Leu Gly Glu Phe Asn Gin Lys Gly Thr val Arg Thr Lys Tyr Gly 

70 75 30' 

Thr Lys Thr Gin Tyr He Gin Ala He Gin Ala Ala His Thr Ala Gly 
85 90 95 ' 

Met Gin val Tgr Ala Asp val val Phe Asn His Lys Ala Gly Ala Asp 

Gly Thr Glu Leu val Asp Ala val Glu Val Asn Pro ser Asp Arg Asn 

120 125 
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ser Giy Tlir gr <si„ j,, g,, ^,3 Trg Thr tys Phe Asp 

J5| Pro dy Arg Cy «„ Thr Tyr ser s.r Phe Lys Trp Arg Trp Tyr 



160 



His Phe ASP Giy Thr ASP Trp ASP G,„ ser Arg Lys ueu Asn Arj xu 

yyr Uys Phe Arg Gly Thr Giy Lys Ala Trp Asp Trp G,u val Asp Thr 

Slu As„ As„ Tvr ASP TVr ueg «et Tyr Ala Asp Asp Met Asp 

His pro Gl„ val val ser Glu Leu Lys Asn Trp Glj; Lys Trp Tyr val 

Thr Thr Thr as„ He Asg Gly ph. Arg Leu «p Ala val Lys His ll. 

^35 240 

uys TVr ser Phe Phe Pro Asp Trp Leu ser Tyr val Arg Thr Gl„ T„r 

255 

SI" Lys Pro Leu Phe Ala val Gly gIu Phe Trp ser Tyr Asg xl. as„ 
uys Leu ms as„ Tyr He Thr l^ Thr as„ Gly ser jet ser Leu Ph. 

285 

«P AU Pro L.U His Asn As„ Phe lyr xle Ala sjr Lys ser Gly Gly 

Tj(r Phe ASP «.t Arg Thj Leu Leu Asn Asn Thr Leu Met Lys Asp g1„ 

320 

pro Thr Leu ser |gl Thr Leu val Asp *sn His Asp Thr Glu p™ Gly 

«1n ser Leu GI3 ser Trp val Glu Pro Trp Phe Lys Pro Leu Ala Tyr 

350 

Ala Phe lie Leu Thr Arg Gin Glu Gly Tyr Pro cys He Phe Tyr Gly 
«P TVr Gly .,e Pro l^s Tyr Asn He p„ aU Leu Lys Ser Lys 
t|u ASP Pro Leu Leu |le Ala Arg Arg Asp ^r Ala Tyr Gly Thr Gin 

3»> A.nn 



400 
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HIS Asp Tyr He Asp Asn Ala Asp He lie Gly Trp Thr Arg gIu Gly 
W5 410 415 

val Ala Glu Lvs Ala Asn Ser Gly Leu Ala Ala Leu lie Thr Asp Gly 

425 430 

Pro Gly Gl^ ser Lys Trp Met Tjr val Gly Lys Gin Hi| Ala Gly Lys 

Thr Phe Tyr Asp Leu Thr Gly Asn Arg ser Asp Thr val Thr He Asn 

Al| Asp Gly Trp Gly Glu Phe Lys val Asn Gly Gly Ser val Ser He 

475 480 

Trp Val Pro Lys 



<210> 18 
<211> 485 

<212> PRT 

<213> unknovm 
<220> 

<223> Source unknown 
<400> 18 

Ala Asn Thr Ala Pro He Asn Glu Thr Met Met Gin Tyr Phe Glu Trp 
5 10 15 

ASP Leu Pro Asn Asp Gly Thr Leu Trp Thr Lys val Lys Asn Glu Ala 
^" 25 30 

Ala Asn Leu Ser ser Leu Gly ile Thr Ala Leu Trp Leu Pro Pro Ala 
•>3 40 45 

Tyr LVS Gly Thr Ser Gin Ser Asp Val Gly Tyr Gly val Tyr Asp Leu 

''^ 55 60 

T^r ASP Leu Gly Glu Phe Asn Gin Lys Gly Thr He Arg Thr Lys Tjr 

Gly Thr Lys Thr Gin Tyr Ile Gin Ala lie Gin Ala Ala Lys Ala Ala 

90 95 

<ny Met Gin val Tyr Ala Asp val val Phe Asn His Lys Ala Gly Ala 

105 110 

Asp Gly Thr Glu Phe Val Asp Ala Val Glu val Asp Pro Ser Asn Arg 



125 



Asn Gin Glu Thr ser Gly Thr Tyr Gin lie Gin Ala Trp Thr Lys Phe 

xo 0 140 
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Asp Phe Pro Gly Arg Gly Asn Thr Tyr Ser ser Phe Lys Trp Arg Trp 
145 150 155 165 

Tyr His Phe Asp Gly Thr Asp Trp Asp Glu Ser Arg Lys Leu Asn Arg 
165 170 175 

He Tyr Lys Phe Arg Ser Thr Gly Lys Ala Trp Asp Trp Glu val Asp 
180 185 190 

Thr Glu Asn Gly Asn Tyr Asp Tyr Leu Met Phe Ala Asp Leu Asp Met 
195 200 205 



Asp His Pro Glu val val Thr Glu Leu Lys Asn Trp Gly Thr Trp Tvr 
210 215 220 

val Asn Thr Thr Asn lie Asp Gly Phe Arg Leu Asp Ala Val Lys His 
^^5 230 235 240 

He Lys Tyr ser Phe Phe pro Asp Trp Leu Thr Tyr val Arg Asn Gin 
245 250 255 

Thr Gly Lys Asn Leu Phe Ala val Gly Glu Phe Trp ser Tyr Asp val 
260 265 270 

Asn Lys Leu His Asn Tyr He Thr Lys Thr Asn Gly ser Met Ser Leu 
275 280 285 

Phe Asp Ala Pro Leu His Asn Asn Phe Tyr Thr Ala ser Lys ser ser 
290 295 300 

Gly Tyr Phe Asp Met Arg Tyr Leu Leu Asn Asn Thr Leu Met Lys Asp 
305 310 315 ' 320 

Gin Pro ser Leu Ala Val Ttir Leu Val Asp Asn His Asp Thr Gin Pro 
325 330 335 

Gly Gin ser Leu Gin Ser Trp val Glu Pro Trp Phe Lys Pro Leu Ala 
340 345 350 

Tyr Ala Phe He Leu Thr Arg Gin Glu Gly Tyr Pro Cys Val Phe Tvr 
355 360 365 

Gly Asp Tyr Tyr Gly He Pro Lys Tyr Asn He Pro Gly Leu Lys ser 
370 375 380 

Lys He Asp Pro Leu Leu He Ala Arg Arg Asp Tyr Ala Tyr Gly Thr 
«:> 390 395 ' 40o 

Gin Arg Asp Tyr He Asp His Gin Asp He He Gly Trp Thr Arg Glu 
405 410 415 
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6ly He Asp Thr Lys Pro Asn Ser 6ly Leu Ala Ala Leu He Thr Asp 
420 425 430 

Gly Pro Gly Gly Ser Lys Trp Met Tyr val Gly Lys Lys His Ala Gly 
435 440 445 

Lys Val Phe Tyr Asp Leu Thr Gly Asn Arg ser Asp Thr val Thr He 
450 455 460 

Asn Ala Asp Gly Trp Gly Glu Phe Lys val Asn Gly Gly ser val Ser 
465 470 475 480 

lie Trp Val Ala Lys 
485 

<210> 19 
<211> 619 
<212> PRT 

<213> Bacillus flavothermus 
<400> 19 

Met ser Leu Phe Lys Lys ser Phe Pro Trp He Leu Ser Leu Leu Leu 
15 10 15 

Leu Phe Ser Phe lie Ala Pro Phe ser lie Gin Thr Glu Lys val Arg 
20 25 30 

Ala Gly Ser val pro val Asn Gly Thr Met Met Gin Tyr Phe Glu Trp 
35 40 45 

Tyr Leu Pro Asp Asp Gly Thr Leu Trp Thr Lys val Ala Asn Asn Ala 
SO 55 60 

Gin Ser Leu Ala Asn Leu Gly He Thr Ala Leu Trp Leu Pro pro Ala 
65 70 75 80 

Tyr Lys Gly Thr Ser ser ser Asp val Gly Tyr Gly val Tyr Asp Leu 
85 90 95 

Tyr Asp Leu Gly Glu Phe Asn Gin Lys Gly Thr val Arg Thr Lys Tyr 
100 105 110 

Qly Thr Lys Thr Gin Tyr He Gin Ala He Gin Ala Ala His Thr Ala 
115 120 125 

Gly Met Gin Val Tyr Ala Asp val Val Phe Asn His Lys Ala Gly Ala 
130 135 140 

ASP Gly Thr Glu Leu Val Asp Ala val Glu val Asn Pro Ser Asp An 
145 ISO 155 16 
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Asn Gin Glu lie Ser Gly Thr Tyr Gin lie Gin Ala Trp Thr Lys Phe 
165 170 175 

Asp Phe Pro Gly Arg Gly Asn Thr Tyr ser ser Phe Lys Trp Arg Trp 
180 185 190 

Tyr His Phe Asp Gly Thr Asp Trp Asp Glu Ser Arg Lys Leu Asn Arg 
195 200 205 

lie Tyr Lys Phe Arg Gly Thr Gly Lys Ala Trp Asp Trp Glu val Asp 
210 215 220 

Thr Glu Asn Gly Asn Tyr Asp Tyr Leu net Tyr Ala Asp Leu Asp Met 
225 230 235 240 

Asp His Pro Glu val val Ser Glu Leu Lys Asn Trp Gly Lys Trp Tyr 
245 250 ^ ^ ' 255 

val Thr Thr Thr Asn He Asp Gly Phe Arg Leu Asp Ala Val Lys His 
260 265 270 

lie Lys Tyr ser Phe Phe Pro Asp Trp Leu Ser Tyr val Arg Thr Gin 
275 280 285 

Thr Gin Lys Pro Leu Phe Ala val Gly Glu Phe Trp ser Tyr Asp lie 
290 295 300 

Ser Lys Leu His Asn Tyr lie Thr Lys Thr Asn Gly Ser Met Ser Leu 
305 310 315 320 

Phe Asp Ala Pro Leu His Asn Asn Phe Tyr lie Ala ser Lys ser Gly 
325 330 335 

Gly Tyr Phe Asp Met Arg Thr Leu Leu Asn Asn Thr Leu Met Lys Asp 
340 345 350 

Gin Pro Thr Leu Ala val Thr Leu val Asp Asn His Asp Thr Glu Pro 



355 360 36§ 

Gly Gin Ser Leu Gin ser Trp val Glu Pro Trp Phe Lys Pro Leu Ala 
370 375 380 

Tyr Ala Phe He Leu Thr Arg Gin Glu Gly Tyr Pro Cys Val Phe Tyr 
3B5 390 395 400 

Gly ASP Tyr Tyr Gly He Pro Lys Tyr Asn lie Pro Ala Leu Lys ser 
405 410 415 

Lys Leu Asp Pro Leu Leu He Ala Arg Arg Asp Tyr Ala Tyr Gly Thr 
420 42S 430 
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Gin His Asp Tyr lie Asp Ser Ala Asp lie lie Gly Trp Thr Arg Glu 
435 440 445 

Gly val Ala Glu Lys Ala Asn Ser Gly Leu Ala Ala Leu lie Thr Asp 
450 455 460 

Gly Pro Gly Gly Ser Lys Trp Met Tyr val Gly Lys Gin His Ala Gly 
465 470 475 480 

Lys Thr Phe Tyr Asp Leu Thr Gly Asn Arg ser Asp Thr Val Thr lie 
485 490 495 

Asn Ala Asp Gly Trp Gly Glu Phe Lys Val Asn Gly Gly Ser Val Ser 
500 505 510 

lie Trp val Pro Lys He Ser Thr Thr Ser Gin He Thr Phe Thr Val 
515 520 525 

Asn Asn Ala Thr Thr val Trp Gly Gin Asn val Tyr val val Gly Asn 
530 535 540 

He Ser Gin Leu Gly Asn Trp Asp pro val His Ala val Gin Met Thr 
545 550 555 560 

Pro ser ser Tyr Pro Thr Trp Thr Val Thr ile Pro Leu Leu Gin Gly 
565 570 575 

Gin Asn Ile Gin Phe Lys Phe He Lys Lys Asp ser Ala Gly Asn val 
580 585 590 

Ile Trp Glu Asp lie ser Asn Arg Thr Tyr Thr Val Pro Thr Ala Ala 
595 600 605 

ser Gly Ala Tyr Thr Ala Ser Trp Asn val Pro 
610 615 

<210> 20 

<211> 613 

<212> PRT 

<213> Bacillus 

<400> 20 

Met ser Tyr Leu Lys Lys val Trp Leu Tyr Tyr Thr Ile lie Ala Thr 
K 5 10 15 

Leu He He Ser Phe Phe Thr Pro Phe Ser Thr Ala Gin Ala Asn Thr 
20 25 30 

Ala Pro val Asn Gly Thr Met Met Gin Tyr Phe Glu Trp Asp Leu Pro 
35 40 45 
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Asn Asp Gly Thr Leu Trp Thr Lys Val Lys Asn Glu Ala ser ser Leu 
50 55 60 

Ser Ala Leu Gly lie Thr Ala Leu Trp Leu Pro Pro Ala Tyr Lys Gly 
65 70 75 80 

Thr ser Gin Ala Asp val Gly Tyr Gly val Tyr Asp Leu Tyr Asp Leu 
85 90 95 

Gly Glu Phe Asn Gin Lys Gly Thr lie Arg Thr Lys Tyr Gly Thr Lys 
100 105 110 

Thr Gin Tyr Leu Gin Ala lie Gin Ala Ala Lys ser Ala Gly Met Gin 
115 120 125 

val Tyr Ala Asp val val Phe Asn His Lys Ala Gly Ala Asp ser Thr 
130 135 140 

Glu Trp val Asp Ala Val Glu Val Asn Pro ser Asn Arg Asn Gin Glu 
145 150 155 160 

Thr ser Gly Thr Tyr Gin lie Gin Ala Trp thr Lys Phe Asp Phe Pro 
165 170 175 

Gly Arg Gly Asn Thr Tyr ser ser Phe Lys Trp Arg Trp Tvr His Phe 
180 185 190 

Asp Gly Thr Asp Trp Asp Glu Ser Arg Lys Leu Asn Arg He Tyr Lys 
195 200 205 

Phe Arg Gly Thr Gly Lys Ala Trp Asp Trp Glu val Asp Thr Glu Asn 
210 215 220 

Gly Asn Tyr Asp Tyr Leu Met Phe Ala Asp Leu Asp Met Asp His Pro 
225 230 235 240 

Glu Val val Ala Glu Leu Lys Asn Trp Gly Lys Trp Tyr Val Asn Thr 
245 250 255 

Thr Asn val Asp Gly Phe Arg Leu Asp Ala Val Lys His He Lys Tyr 
260 265 270 

ser Phe Phe Pro Asp Trp Leu ser Tyr Val Arg Asn Gin Thr Gly Lys 
275 280 285 

Asn Leu Phe Ala val Gly Glu Phe Trp Gly Tyr Asp val Asn Lys Leu 
290 295 300 

His Asn Tyr lie Thr Lys Thr Asn Gly Ala Met Ser Leu Phe Asp Ala 
305 310 315 320 
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Pro Leu His Asn Asn Phe Tyr lie Ala Ser Lys Ser Ser 6ly Tyr Phe 
325 330 335 

Asp Met Arg Tyr Leu Leu Asn Asn Thr Leu Met Lys Asp Gln Pro Ala 
340 345 350 

Leu Ala val Thr Leu va1 Asp Asn His Asp Thr Gin Pro Gly Gln ser 
355 360 365 

Leu Gln Ser Trp val Glu Pro Trp Phe Lys pro Leu Ala Tyr Ala Phe 
370 375 380 

lie Leu Thr Arg Gln Glu 61 y Tyr pro cys val Phe Tyr Gly Asp Tyr 
385 390 395 ' J ^ 

Tyr Gly He Pro Lys Tyr Asn lie Pro Gly Leu Lys ser Lys lie Asp 
405 410 415 

•pro Leu Leu lie Ala Arg Arg Asp Tyr Ala Tyr Gly Thr Gln Arg Asp 

Tyr He Asp His Gln Asp lie He Gly Trp Thr Arg Glu Gly lie Asp 
435 440 445 

Ala Lys Pro Asn Ser Gly Leu Ala Ala Leu lie Thr Asp Gly Pro Gly 
450 455 460 

Gly Ser Lys Trp Met Tyr val Gly Lys Arg His Ala Gly Lys val Phe 
465 470 475 480 

Tyr Asp Leu Thr Gly Asn Arg Ser Asp Thr val Thr He Asn Ala Asp 
485 490 495 

Gly Trp Gly Glu Phe Lys Val Asn Gly Gly Ser Val Ser lie Trp Val 
500 505 510 

Ala Lys Thr Ser Asn val Thr phe Thr val Asn Asn Ala Thr Thr val 
515 520 525 

Tyr Gly Gln Asn val Tyr val val Gly Asn He pro Glu Leu Gly Asn 
530 535 540 

Trp Asn He Ala Asn Ala He Gln Met Thr Pro Ser Ser Tyr Pro Thr 
5.45 550 555 560 

Trp Lys Thr Thr Val Ser Leu Pro Gln Gly Lys Ala He Glu Phe Lys 
565 570 575 

Phe He Lys Lys Asp ser Ala Gly Asn val He Trp Glu Asn He Ala 
580 585 590 
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Asn Arg Thr ryr Thr val Pro Phe ser ser Thr Gly Ser Tyr Thr Ala 
595 600 605 

Asn Trp Asn val Pro 
610 

<210> 21 
<211> 619 
<212> PRT 

<213> Alkaliphilic bacillus 
<400> 21 

Wtet Ser Leu Phe Lys Lys lie Phe pro Trp He Leu Ser Leu Leu Leu 
15 10 15 

Leu Phe Ser Phe He Ala Pro phe ser He Gin Thr Glu Lys Val Arg 
20 25 30 

Ala Gly ser val Pro Val Asn Gly Thr Met Met Gin Tyr phe Glu Trp 
35 . 40 45 

Tyr Leu Pro Asp Asp Gly Thr Leu Trp Thr Lys val Ala Asn Asn Ala 
50 55 60 

Gin ser Leu Ala Asn Leu Gly lie Thr Ala Leu Trp Leu Pro Pro Ala 
65 70 75 80 

Tyr Lys Gly Thr Ser Ser ser Asp val Gly Tyr Gly val Tyr Asp Leu 
85 90 95 

TVr Asp Leu Gly Glu Phe Asn Gin Lys Gly Thr val Arg Thr Lys Tyr 
100 105 HO 

Gly Thr Lys Thr Gin Tyr lie Gin Ala He Gin Ala Ala His Thr Ala 
115 120 125 

Gly Met Gin val Tyr Ala Asp val val Phe Asn His Lys Ala Gly Ala 
130 135 140 

Asp Gly Thr Glu Leu Val Asp Ala Val Glu val Asn Pro Ser Asp Arg 
145 150 155 160 

Asn Gin Glu He ser Gly Thr Tyr Gin lie Gin Ala Trp Thr Lys Phe 
165 170 175 

Asp Phe Pro Gl^ Arg Gly Asn Thr T^r Ser Ser Phe Lys Trg Arg Trp 

Tyr His Phe Asp Gly Thr Asp Trp Asp Glu ser Arg Lys Leu Asn Arg 
195 200 205 

He Tyr Lys Phe Arg Gly Thr Gly Lys Ala Trp Asp Trp Glu val Asp 
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210 215 220 

Thr Glu Asn Gly Asn Tyr Asp Tyr Leu Met Tyr Ala Asp Leu Asp Met 
225 230 235 240 

Asp His Pro Glu val val Ser Glu Leu Lys Asn Trp Gly Lys Trp Tyr 
245 250 255 

val lie Thr Thr Asn He Asp Gly Phe Arg Leu Asp Ala val Lys His 
260 265 270 

He Lys Tyr ser Phe Phe Pro Asp Trp Leu Ser Tyr Leu Arg Thr Gin 
275 280 285 

Thr Gin Lys Pro Leu Phe Ala val Gly Glu Phe Trp Ser Tyr Asp He 
290 295 300 

Asn Lys Leu His Asn Tyr He Thr Lys Thr Asn Gly ser Met Ser Leu 
305 310 315 320 

Phe Asp Ala Pro Leu His Asn Asn Phe Tyr He Ala ser Lys ser Gly 
325 330 335 

Gly Tyr Phe Asp Met Arg Thr Leu Leu Asn Asn Thr Leu Met Lys Glu 
340 345 350 

Gin Pro Thr Leu Ser val Thr Leu val Asp Asn His Asp Thr Glu Pro 
355 360 365 

Gly Gin Ser Leu Gin Ser Trp val Glu Pro Trp Phe Lys Pro Leu Ala 
370 375 380 

Tyr Ala Phe He Leu Thr Arg Gin Glu Gly Tyr Pro Cys Val Phe Tyr 
385 390 395 400 

Gly Asp Tyr Tyr Gly lie Pro Lys Tyr Asn He Pro Ala Leu Lys Ser 
405 410 415 

Lys Leu Asp Pro Leu Leu lie Ala Arg Arg Asp Tyr Ala Tyr Gly Thr 
420 425 430 

Gin His Asp Tyr He Asp Asn Ala Asp He He Gly Trp Thr Arg Glu 
435 440 445 

Gly Val Ala Glu Lys Ala Asn Ser Gly Leu Ala Ala Leu lie Thr Asp 
450 455 460 

Gly Pro Gly Gly ser Lys Trp Met Tyr val Gly Lys Gin His Ala Gly 
465 470 475 480 

Lys Thr Phe Tyr Asp Leu Thr Gly Asn Arg ser Asp Thr val Thr lie 
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485 490 495 

Asn Ala Asp Gly xrp Gly Glu Phe Lys val Asn Gly Gly Ser val Ser 
500 505 510 

lie Trp Val Pro Lys Thr ser Thr Thr ser Gin lie Thr phe Thr val 
515 520 525 

Asn Asn Ala Thr Thr val Trp Gly Gin Asn val Tyr val val Gly Asn 
530 535 540 

lie Ser Gin Leu Gly Asn Trp Asp Pro val Asn Ala val Gin Met Thr 
545 550 555 560 

Pro Ser ser Tyr Pro Thr Trp val val Thr val Pro Leu Pro Gin ser 
565 570 575 

Gin Asn He Gin Phe Lys Phe lie Lys Lys Asp Gly ser Gly Asn val 
580 585 590 

lie Trp Glu Asn lie ser Asn Arg Thr Tyr Thr val Pro Thr Ala Ala 
595 600 605 

ser Gly Ala Tyr Thr Ala Asn Trp Asn val Pro 
610 615 

<210> 22 
<211> 640 
<212> PRT 

<213> Aspergillus kawachii 
<400> 22 

Met Arg val ser Thr ser ser lie Ala Leu Ala Val ser Leu Phe Gly 
15 10 15 

Lys Leu Ala Leu Gly Leu Ser Ala Ala Glu Trp Arg Thr Gin ser lie 
20 25 30 

Tyr Phe Leu Leu Thr Asp Arg Phe Gly Arg Thr Asp Asn Ser Thr Thr 
35 40 45 

Ala Thr Cys Asn Thr Gly Asp Gin lie Tyr Cys Gly Gly Ser Trp Gin 
50 55 60 

Gly lie lie Asn His Leu Asp Tyr lie Gin Gly Met Gly Phe Thr Ala 
65 70 75 80 

lie Trp lie Ser Pro lie Thr Glu Gin Leu Pro Gin Asp Thr Ser Asp 
85 90 95 

Gly Glu Ala Tyr His Gly Tyr Trp Gin Gin Lys He Tyr Tyr val Asn 
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Ser Asn Phe Gly Thr Ala Asp Asp Leu Lys Ser Leu Ser Asp Ala Leu 
115 120 125 

His Ala Arg Gly Met Tyr Leu Met val Asp val val Pro Asn His Met 
130 135 140 

Gly Tyr Ala Gly Asn Gly Asn Asp val Asp Tyr ser val Phe Asp Pro 
145 150 155 160 

Phe Asp ser ser ser Tyr Phe His pro Tyr Cys Leu He Thr Asp Trp 
165 170 175 



Asp Asn Leu Thr Met Val Gin Asp Cys Trp Glu Gly Asp Thr He val 
180 185 190 

Ser Leu Pro Asp Leu Asn Thr Thr Glu Thr Ala val Arg Thr He Trp 
195 200 205 

Tyr Asp Trp Val Ala Asp Leu val ser Asn Tyr ser val Asp Gly Leu 
210 215 220 

Arg He Asp Ser Val Glu Glu val Glu Pro Asp Phe Phe Pro Gly xyr 
225 230 235 240 

Gin Glu Ala Ala Gly val Tyr Cys val Gly Glu val Asp Asn Gly Asn 
245 250 255 

Pro Ala Leu Asp cys Pro Tyr Gin Lys Tyr Leu Asp Gly val Leu Asn 
260 265 270 

Tyr Pro lie Tyr Trp Gin Leu Leu Tyr Ala Phe Glu ser ser ser Gly 
275 280 285 

5l5 s®*" '^s" Tyi" Asn Met He Lys ser val Ala ser Asp cys 
290 295 300 

ser Asp Pro Thr Leu Leu Gly Asn Phe He Glu Asn His Asp Asn pro 
305 310 315 320 

Arg Phe Ala ser Tvr Thr Ser Asp Tyr Ser Gin Ala Lys Asn val Leu 
325 330 335 

ser Tyr He Phe Leu ser Asp Gly He Pro He val Tyr Ala Gly Glu 
340 345 350 

Glu Gin His Tyr Ser Gly Gly Asp val Pro Tyr Asn Arg Glu Ala Thr 
355 360 365 

Trp Leu Ser Gly Tyr Asp Thr ser Ala Glu Leu Tyr Thr Trp He Ala 
370 375 380 
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Thr Thr Asn Ala He Arg Lys Leu Ala lie Ser Ala Asp Ser Asp Tyr 
385 390 395 4^0 

He Thr Tyr Lys Asn Asp Pro lie TVr Thr Asp Ser Asn Thr lie Ala 
405 410 415 

Met Arg Lys Gly Thr ser 6ly Ser Gin He He Thr val Leu ser Asn 
420 425 430 

Lys Gly ser Ser Gly Ser Ser Tyr Thr Leu Thr Leu Ser Gly ser Gly 
435 440 445 

Tyr Thr Ser Gly Thr Lys Leu He Glu Ala Tyr Thr Cys Thr ser val 
450 455 460 

Thr val Asp ser Asn Gly Asp He Pro val Pro Met Ala ser Gly Leu 
465 470 475 480 

Pro Arg val Leu Leu Pro Ala ser val val Asp Ser ser Ser Leu cvs 
485 490 495 

Gly Gly Ser Gly Asn Thr Thr Thr Thr Thr Thr Ala Ala Thr Ser Thr 
500 505 510 

ser Lys Ala Thr Thr Ser ser ser ser ser ser Ala Ala Ala Thr Thr 
515 520 525 

ser ser ser cys Thr Ala Thr Ser Thr Thr Leu Pro He Thr Phe Glu 
530 535 540 

Glu Leu val Thr Thr Thr Tyr Gly Glu Glu val Tyr Leu ser Gly Ser 
545 550 555 560 

lie ser Gin Leu Gly Glu Trp His Thr ser Asp Ala val Lys Leu Ser 
565 570 575 

Ala Asp Asp Tyr Thr Ser Ser Asn Pro Glu Trp Ser val Thr val Ser 
580 585 590 

Leu Pro val Gly Thr Thr Phe Glu Tyr Lys Phe He Lys Val Asp Glu 
595 600 605 

Gly Gly ser val Thr Trp Glu Ser Asp Pro Asn Arg Glu Tyr Thr val 
610 615 620 

Pro Glu Cys Gly Ser Gly ser Gly Glu Thr val val Asp Thr Trp Arg 
625 630 635 640 
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